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lUTRCEDUCTIOlT. 



1 



Water gas is obtained "by the decomposition of steam 



in the presence of an incandescent "bed of coal or coke* 
The hydrogen of the steam is liberated while the oxygen 
combines with the oarhon of the coke to form caroon non 



has no luminosity. To make it usefnl as an ill-uminating 
gas the hlue water gas is mixed with an oil gas obtained 
from the "cracking" of some petroleum product, and is then 
called carhuretted water gaa. 

The apparatuB used in the manufacture of cetrhuretted 
water gas consists of a generator, carburetter and sv^ex- 
heater. In the generator the coal or coke is first raised 
to an in cari descent state by means of cji viv blast, and then 
steam introduced, which is decon^osed by the heated fuel 
bed. Gases v/hich are formed in the generator during the 
blast pass into the carburetter, v^here these partially 
burned gases dome In contact with a secondary air blast 
and are burned more completely, thus giving up heat. This 
heat is absorbed by the lining and brick checkerwork in 
the carburetter and superheater. During the run, the 
decomposition of the steam abstracts heat from the fuel 



ozide according to the following equation: C HgO ■ 

CO ♦ Hg* This product possesses a good heating value, but 




Digitized by 



Google 



2 



bed, Tlie tlue water gas thus formed enters the oarhuretter 
where the enriohment takes place. The oil is introduced 
into the oarhuretter in the form of a fine spray by means 
of a needle valve. This spray of oil as it falls upon the 
hot oheokerwork v:hich was heated during the hlast, is de- 
composed into gases and leaves a carhon deposit upon the 
hrick. These oil vapors are mixed, with the hlue water gas 
and pass on to the superheater. In the superheater this 
mixture is again suhjected to a high temperature which 
finishes the conversion of the oil vapors known as "fixing" 
into permanent gases. After condensing, scruhhing and 
purifying, the gases are ready for distribution. 
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THE PLAHT 



The plant consists of the following apparatus; 



Z - e'-e** lowe type water gas machines, complete, manu- 
factured "by the T7estem Gas Construction Co., Ft. 
Wayne, Ind. 

1 - Phoenix Iron Works Boiler^ 

1 - Tohin and Hanln Ksnufacturing Co. Boiler. 

1 - #7 Sturdevant Blower operated hy a 35 H.P. 500 Volt 
Seneral Electric motor. 

1 - #6 Sturdevant Exhauster operated "by a 15 H.P. 500 
Yolt ITorthern Hot or. 

1 - Western Gas Construction Co. Improved Tar Extractor* 

1 - 6'-0»» Station Meter 

1 - e'-e*^ Station IJeter 

1 - Small relief holder of 25,000 cu. ft. capacity. 

1 - Large relief holder of 65,000 cu. ft. capacity. 

1 - large supply holder of 250,000 cu.ft, capacity. 

1 - Large Oil tank. 

1 - small oil tanlc in operating room. 

1 - Oil Heater. 

1 - Steam pump for circulating water in supply holder. 

1 - Steam piamp for puiftping oil from large tank: to small tank. 
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1 - Steam pxuap for pumping oil into oarburetter* 
Condensers 
Scrubbers 
Purifier Boxes. 



Object of the Tests 

The objects of the various tests were to determine 
the heat balctnce end the commercial performance of machine 
#1 (Plate 1) for a period of ten hours* 
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Of tlie two naohines installed, only one is operated 



at any time, tlie other machine "being shut dovm for repairs, 
this being necessary heoause the lining in the generator 
deteriorates under the action of the intense heat to which 
it is suhjected^ A machine will operate from four to eight 
weeks, depending upon the nature and condition of the fuel, 
before repairs are again necessary. 



a day for the purpose of clinkering. In the morning 
between 6:00 and 7:30 the entire fire is drawn and the 
generator is thoroughly cleaned. Between 6:00 and 7:30 in 
the evening there is a second clinkering. 



the morning, the fuel bed is held up by large iron bars 
while the clinkers are drawn out from beneath. Thus the 
machines are kept in continuous operation for approximate- 
ly ten hours. At times of light demand upon the plant 
when the relief and supply holders are full, the machine 
is shut down. This usually occurs during the early hours 
of the morninj. 



During each complete run of ten hours the generator 



is charged with coke eyery hour and each hour is divided 
into "runs" and "blasts" of f iye and six minutes duratio] 



Each machine while in operation is shut down twice 



instead of drawing the whole fire as is done in 
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respeotlvely. Tlie duration of these periods is varied at 
the discretion of the operator and depends upon the con- 
dition of the fuel hed. 

The first charge in the morning is of necessity 
greater than the others hecause the generator is empty and 
hence the first hlasts must he longer than usual to hring 
the fuel hed up to the proper temperature. The generator 
at this time is filled to only half its capacity and 
hlasted for some time. When this has become thoroughly 
heated, the other half is put in and the hlast continued. 
After about three blasts, the machine is again in normal 
working condition and the fuel bed is thoroughly heated 
through. The blasts are then made shorter as compared 
with the length of the runs. 

There are five runs and blasts for every coking. 
Pour of these five are "up runs"; that is, the steam is 
introduced below the grate and forced up through the fuel 
bed. Every fourth rua is a "down run" in which the steam 
is forced through the fuel bed in the opposite direction. 
After each down run, the steam is again reversed for 
about a half minute. 

From the generator the water gas passes into the 
carburetter, where it is mixed with the oil gas. The 
oil which is used in the carburetter is pumped from a 
large reservoir into the tank in the operating room. From 
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here, "by means of another pxunp, It is forced through a 
heater and into the carhnretter. 



hy means of a needle valye. Approximately eighteen 
gallons are used for eaoh run. Steam for the ran is 
supplied from the eleotrio station through an 1^ pipe. 
This is connected so as to permit an up or down run to 
be made. 



supplied by the #7 Sturdeyant Blower , which is operated 
by the 56 H*P. 500 Yolt General Electric motor. From 
the blower to the machine the blast pipe is le** in dia/- 
meter. At the machine this pipe Is tapped with a 12" 
pipe for the generator and an 8" pipe for the carburetter. 



blower is runnings and the stack Talve and air valyes are 
open. When changing from a blast to a run, the blower 
is shut off, the blast valves closed, the steam valyes 
opened, and finally the stack yalve is closed. The stack 
valye is closed last to allow th* machine to be purged 
of the lean gases before turning the enriched gases into 
the condensing and purifying system, in changing from 
a run to a blast, the blower is started first after which 
the steam is shut off and the air valyes are opened. After 
this is done, the stack is opened allowing t,iipe .fo6^^3Al(j|p 



The flow of oil can be controlled by the operator 



The air for the primary and secondary blAsts is 



Ihiring the blast the steam valve is closed, the 
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of the enriched gases to have passed into the pitrifying 
system* 

The operator keeps a reoord of the diiration and 
number of blasts and runs, and the oil and ooke oon- 

sumptlon par run. m addition to thls^ readings are 
taken twice a dejr of the meters and relief holders t 

temperatures at the meters and outside temperature. This 
gives the total gas made as well as coke and oil used* 
These data are used by the company to detennlne cost of 
operation per 1000 cu# ft. of gas made. 
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The preparations for the test oonsisted In ar- 
ranging Baoh apparatus whereby data oould he ohtained to 
give the results sought. That apparatus which was of 
the most importance end demanded considerable attention 
was that necessary to measure the steam and air supplied 
and the temperature in the various parts of the machine. 

For the measurement of the steam, an orifice was 
used. The steam pipe supplying the machine is 1^ in 

diameter, hut to eliminate irregtilarlties in the flow 
as much as possible, the size of the pipe was increased 
from 1^ to 5^ for a distance of about 2* on each side 
of thd orifice. Plate II shows the general arrangement 
of parts* The orifice itself was only 13/16'* in diameter. 
The drain cocks were put in for the purpose of drawing 
off any water which collected there \*iile the machine was 
not in operation and during blast periods. Due to the 
fact that pressure gauges are calibrated only to 5#, a 
mercury gauge was used to find the differential pressure. 

The use of the mercury gauge made it possible to read 
the differential pressure to within 0*1" of mercury. For 
the mercury gauge, hard glass tubing six feet long was 
used, and connections made to the pipes with stuffing 



boxes. 
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Several methods were tried for meastiring the 



air "blast, hut due to meohanioal arrangement of this part 

of the plant, the only practical means was the use of 

pltot tubes* Plate III shows the construction of these 

tubes as used in the tests. The differential head shown 

on the gauge Is due to velocity pressure, the static 

pressure being e^ual on both sides. This is made possible 

by the use of a double tube, one end of which is entirely 

closed, while on the other end only the outer tube is 
closed. The space between the inner and outer tubes la 

opened to the air in the pipes by three slots spaced 

around the tube 120* apart. To both of the chambers ^ 



pipes are connected, which in turn are connected to the 
differential gauge. Two tubes were made; one for the 
primary or generator air, and one for secondary or car- 
buretter air. These tubes were placed in the pipes on 
a horizontal diameter, and where there a comparative- 
ly straight flow. Petroleum of 0.82 specific gravity in 
which copper oleate was dissolved served to show the 
pressure present. The green of the copper oleate made 
It easier to read the differential on the white scale. 



temperatures and for this purpose four "Bristol" couples 
and one nickel Hichrome couple were used. ?our different 



Thermocouples were used to measure all high 
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teinperatares wore takeh with these couples, one at the 
outlet of the generator, one each near the "bases of 
carburetter and superheater, and one of the exhaust at 
the stack* The first three couples mentioned were pro- 
tected from the gases hy an Iron pipe closed at one end, 
while the couple used In the stack was held there hy 
means of a long handle* Flexlhle leads were used to 
coDnect the couples to a multipolar mercury switch v/hlch 
was connected to a Bristol mllllvoltmeter. This made It 
possible to obtain almost simultaneous readings for all 
couples* 

The oil used was measured by a scale which was 

calibrated to 0*1 Inch. Each Inch represented 1.82 
gallons* 
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CALIBRATIOIT OP APPARATUS 



All the apparatus which was used during the test 



was calibrated over a range large enough to insure cover- 
ing maximum and minimum readings in the test« 



was connected to a steam supply and condenser in the 
laboratory in the same way the meter was to he used on the 
test. Valves were arranged so as to permit the throttling 
of the steqm on either side of the orifice. During opera- 
tion, one valve was open wide and the amount of steam tised 
controlled by the other. 



flow taken with a stop watch. This gave pounds of steam 
per minute. The range of differential pressures was from 
3 to 68 pounds. Curves were obtained for both the throttl- 
ing of the inlet and discharge, and are shown on Plate lY* 
Daring the test the discharge was throttled, hence it was 
necessary to use only this curve in determining the amount 
of steam used. 



The Steam Meter 



The steam measuring apparatus as described above 



The condensed steam was v/eighed and the time of 



Pitot Tubes. 



In the calibration of the pitot tubes, one of the 
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large high pressxire air tanks of the University water 
supply system was used as the supply reservoir* This tank 
was filled with air at 140i per sq^in. By reading the 
pressures on the tank at the "beginning and end of a dis- 
charge and the temperatures of air in the tank and the dis- 
charge, it was possible to obtain the volume of air which 
escaped into the atmosphere. This was done with both of 
the pitot tubes, each being placed in the same sized pipe 
used in the test* In this way curves were obtained as 
shown in Plate Y. 

▲ standard gauge tester was used to obtain the 
pressure in the tank before and after the discharge. Be- 
fore and after each discharge the tester would be balanced 
until there was neither upward nor downward motion of the 
piston. This was sensitive to within 0.1#. 

Thermocouples. 
The thermocouples and the leads vs^ich were to be 
used on the test were calibrated against a standard 
Platinum-Platinum Ehodium couple. ▲ small electric tube 
furnace made of porcelain and wound with nichrone ribbon 
was used for all calibrations. Plates VI, TII, YIII. TX, 
I and 11 show the curves obtained from these calibrations. 
After the test all couples were recalibrated to determine 
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their oonBtanoy* So appreoialDle change was found • In 
addition to th4 ahove, a recording mlllivoltmeter and a 
Fery optical pyrometer were also oalihrated hecauee these 
had been "brought into service after the test started. 

Oil Tank 

The oil tank was calibrated by draining the oil 
tank and noting the fall in inches per gallon* Plate III 
shows the curve obtained from this* 

Relief Holders 
The relief holders were calibrated by measuring 
the outside circumference and allowing for thickness of 
metal. These calibrations were found to correspond to 
the tables used by the company. 

Station Meters , 
The station meters were calibrated by means of 
the holders t taking readings for each sheet as the gas 
was exhausted and correction made for temperature in 
each case. 
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EuETHODS PURSUED 3JURIIJG TESTS. 



There were tliree different tests made of the 



machine and all tinder the usual operating o end it ions. The 
purpose of the first or preliminary test was made to as- 
certain whether or not all the apparatus was in the pro- 
per condition for the test, and vjhere special precaution 
would he necessary. Hone of the data taken on the pre- 
liminary test were used in the calculations. The prelim- 
inary test was made on Friday, Pehruary 12, 1909 from 
7:30 A*lu to 6:00 P.LI. The seoonA test, or what will he 
called test #1, was continued Friday night and Saturday 
all day. Saturday morning the machine was shut down from 
12:45 A.M. until 4:00 A.M. hecause all holders were full. 
The next test, or test #2 was made Tuesday, February 16, 
1909 from 7:30 A.LI, until 6:00 P.LI. To obtain comparative 
results, data covering the period from 7:30 A.M. to 6:00 
P.M. only, will he used from tests #1 and #2. 



plied to the machine, the readings of the mercury and 
petrolAum differential gauges were taken and the time of 
flow of each* 

Three stop watches were used to take the time. Hi 
the mercury gauge, the difference in the water coliamns 



In obtaining the quantities of steam and air sup- 
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amounted to the same as the difference in the meroury 

level. This was accounted for in the determination of 

the steam. As the gauges held quite constant^ readings 
were taken every minute. 



stant were read every half hour. Inlet and outlet meter 
temperatures, outside temperature, and temperatures in 
mains, hlower room and generator room were included tinder 
this head. But temperatures irtiich were of a variable 
nature such as found in different parts of the machine, 
were read twice during every run and every "blast. During 
a port of each test, temperatures were read every half 
minute, those in the generator heing taken "by mea4s of a 
recording galvanometer. The variations of these tempera- 
tures are shown on the temperature charts - Plates XIII, 
IIV, and XV. The radiation temperatures were also obtained 
hy means of a thermocouple. These remained quite constant, 
so only a few readings were taken. To obtain the tempera- 
ture of the fuel bed both from above and below, a Fery 
optical pyrometer was used. These temperatures were taken 
to determine the amount of heat remaining in the fuel bed 
after the day's run. 

Of the steam, air, and coke supplied to the machine, 
there is a certain emount of moisture to be used in the 



Such temperatures as remained comparatively con 
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formation of blue water gas* Any exoess will go through 
the maohlne as superheated steam. This excess was deter- 
mined hy connecting to the generator a copper coil oon- 
danser and meter* This gave the volume of moisture per 
cu. ft* of gas made in the generator. 



As the oil was drawn from a large tank, the oil was 



of a imiform composition and one semple for each test was 
all that was necessary to he taken* The coke sample was 
obtained in the usual manner in sach cases. As each harrow- 
ful was brought up, a small acioimt was taken off and the 
whole amount for the test divided as prescribed by the 
rules for boiler tests* 



ideal method of taking gas samples would have been to take 
samples of each run and each blast. This would show the 
effect the different conditions of fuel bed have upon the 
composition of the gas. But as there were six different 
samples taken, the above method would have necessitated 
the taking of thirty samples per hour, or about three 
htindred per day. As average conditions were all that 
were desired, it was sufficiently accurate to take an 
average sample of the day as to take a large number and 
average the results. Such samples were taken for both 
tests. Under regular operating conditions the duration of 



If time and equipment )iad been available, the 
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suooessive runs and "blasts is about the same* This giTes 
xmiformly egLual volmaes of steam »nd air supplied, and as 
the oil supply is alv/ays made the same, it is to he expected 
that the composition of the gas should he the same not 
only for the successive runs and blasts, hut also for the 
same periods in successive days. In lookii^g over the 
data for hoth tests, this will he found to he true* Al- 
though the actual volumes u^ed differ to some extent, the 
proportions are aoproximately eg^ual. This then will 
warrant the using of the compositions of the gases of the 
Tuesday test for the computations of the Saturday test 
because the samples tai:en Saturday were spoiled. Meters 
were read only at the beginning and end of the test. As 
the positions of the holders had changed, it was also 
necessary to note the difference in elevation at the time 
of reading. The amount of tar made was determined by pump- 
ing it from the holders and removing it from the tar ex- 
tractor. Its weight, temperature and specific gravity 
were taken. 

The ashes removed from the generator were taken 
for the total twenty-four hour day and half of this total 
taken for the day run. This was done because the removal 
of ashes and clinker is not as thoroiigh in the evening 
as in the morning. 
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After tlie tests were completed, aiiy samples v/hidli 



were t&ken were tested "by standard methods. For the six 
different samples taken at each test, the Hempel Apparatus 
was used* Hew solutions were made up, and when any of them 
fiihowed signs of becoming saturated, they were rejected and 
now ones used. Ihiplicate analyses were made until checks 
were obtained. 



coke, ashes, oil and tar, a I^ahler Bomb calorimeter was 
used* Great care was used v/ith this apparatus and dupli- 
cate checks were obtained on all sample s* Another sample 
of oil was distilled at different temperatures, and the 
percent of the total foxmd for each temperature taken* 



be rich in hydrocarbons; hence a large percent of the 
oil is deposited as carbon in the carburetter \tfien "cracked'* • 
To determine this, a small cartridge, shown in Plate X71 
was put into an electric furnace and with the syringe a 
known amount of oil was put into the cartridge and vapor- 
ized at a high temperature. The carbon was deposited and 
by the difference in weight before and after the test, the 
actual weight of carbon was fonnd. 



For the determination of the heating values of "Qie 



The oil used for the "enriching'' must of necessity 
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This same cartridge was used to determine the 
relative amounts of heat necessary to vaporize water and 
oil as shown in Plate IVII. E^ual volumes of oil or 
water were injected into the cartridge with the syringe 
and the drop in temperature noted for each hy means of a 
12" Pt* - Pt^Rd. couple and a potentiometer set. The 
calihration for this couple is shown on Plate Z-A* 

The oil curve for equal weight obtained from the 
experimental curve for equal volume is also shown* These 
curves are parabolic in form, sloping upward and to the 
right while that for the water is a straight line sloping 
downward and to the right. Theoretically this should 
slope upward as the oil curves do, showing an increased 
drop in temperature as the temperature of the furnace is 
increased. It will "be noticed that in the calculation 
used to find the heat necessary to crack the oil in the 
carburetter, it was assumed that the slope was u^^ward and 
to the right. The Monel metal used for the cartridge has 
a high coefficient of heat conductivity and due to this fact 
at the higher temperatures the flow of heat from the 
furnace into the cartridge is more rapid and hence the 
drop in temperature is less than theoretically would he 
expected. 
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CAICULATIOII 
Por Test #1. 

Saturday, FeTDruary 13t;li. 1909 
7:30 A.M. to 6:00 P.Ii. 
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DATA 

Test of Saturday, February 13 th, 1909 
7:30 A.LI, to 6:00 P.M. 



Primary air Tjlast as measured 
Primary air "blast temj^erature 
Secondary air "blast as measured 
Secondary sir "blast ten:perature 
Steam Consumption 



(Dry Steam 
(Iloisture 
Qaality of Steam 

Wet ooke used 



7808.31 

125. 9.f 

f During blast 97.8^ 
(During run 98.4^ 



fDry coke 

fMoisture 
f 

fCar"bon content 
Hot ashes recovered 
fDry ashes 
(Lloisture 



10406# 



18191 



89501 



989.61 
73. 4# 



534,130 feet 
57. 4» 

I 

163,210 feet 
57.4* P. 



7932.21 



12225 # 



1063 # 



Total Oil Consum;jtion 

Oil Temi)erature 
Tar Recovered 
Purified Gas Made 



885.03 Gal. or 
6425.3 # 

123. 4* F. 

670# 

228.900 feet. 
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Heating Values 

Coke, per poiuid 12983 

Ashes per pound 4762 

Oil per gallon 142100 

Tar per pound 16266 

Mean relative humidity - - 
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CAICUlATI0:i3 
Test of Satiirda;'-, J'e'bruary 13th, 1909 
7:30 A.L:. to 6:00 P.M. 

FroE the analysis of generator lilast gas, for 
every 100 cubic feet or "'oli.at ^as, there are 
9.21 cubic feet COg 

1.62 " " 

13.60 " " CO 

75.66 " " ITg 
TTei^ht of COg per 100 ft. of gas • 9.12 x 1.98 « 18.08 oz. 
Weight of CO per 100 ft. of gas »13.60 x 1.26 = 17,13 oz. 
Wt. of C in COg " " " " " «12/44 x 18.08f 4.93 oz. 
wt. of a in CO " " " " " "12/28 X 17.13 " 7.34 oz. 

Total C per 100 ft. of gas 12.27 oz. 

In 9.12 feet of COg there are 9.12 feet Og 
In 13.60 " " CO " " 13.6/2 " Og 
Total Og per 100 ft. of gas 9.12 ♦ 1.62 + 6.8 » 17,54 feet 
Equivalent air i)er 100 feet gas ■ 17.54/.208 - 84.3 feet 
Thus in 100 feet of gas, 84,3 feet of air are required to 
burn the 12.27 oz, C, 

The air required per pound of C is given by 

84.3/x " 12.27/16 where x « 110 feet per lb. C. 
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From tlie Log Data, 534,130 feet of air were used 
on Satiirday in the primary air "blast. 
With 110 feet of air per poimd of C - 

the weight of carbon "btirned in blasting during day • 

534130/110 - 4855. 7# 

the actual v/eight of carbon consumed during day was 

.7318 X 12227 «= 8947. 7# 

the carbon left for use during "run" is 

8947.7 - 4855.7 » 4092. 0# 

The analysis of generator gas diiring "run" shows 
that for every 100 feet of gas there are 
2.96 feet of COg 

1.53 " " Og 

43.44 " "CO 

39.31 " " Hg 

12.76 " " 

In every 100 ft. of gas there are ffrom COg) 

2.96 X 1.98 z 12/44 « 1.598 oz. C 

In every 100 ft. of gas there are ffrom CO) 

43.44 X 1.26 X 12/28 - 23.44 oz. fl 
Total " 25.04 oz, C 



C ♦ SHgO * COg ♦ 2H2 
12 36 
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From the ab03?e equation, the otmoee of steam de- 



composed to COg are given hy !• 598/12 * x/36 where x * 

4#77 oz. 

C ♦ HgO " CO ♦ Eg 
12 18 

From this equation, the ounces of steam decomposed 
to 00 are given "by 23.44/12 * x/l8 where x * 35 #20 oz* 
Total steam thus decomposed per 100 feet of gas * 39*97 oz* 

The weight of steam consumed during the Saturday test was 
7932.2# 

The weight of carbon required during "run" is given by 

25 •04/39. 9 7 « x/7932.2 where x « 4970# 
This shows that plenty of air was forced in the primary 
blast, since, from above, the carbon left for the run 
was 409 2# 

Prom the analysis, in every 100 feet of generator 
blast gas there are — 9.12 feet of COp 



1*62 " 



If 



13.60 " 



n 



CO 



75.66 



tt 



n 



and in tlils there are 



9.12 X 1.98 X 12/44 - 
13.60 X 1.26 z 12/28 « 



4*92 oz. C 



7.35 oz. C 



Total 
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Also 



9.12 X 1.98 X 32/44 « 13.11 oz. Og 
1.62 z 1.44 * 2.33 oz. Og 

13.60 X 1.26 X 16/28 « 9.79 oz. 0^ 



Total 25.23 oz. 



TTelght of air oorreBpondisg to 25.23 oz. 0^ ■ 

25.23/. 2305 « 109.64 oz. 
Weight of air per otmoe of C present 109.54/12.27 » 8.94 

Da a similar maimer, from tlie analysis of the 
superheater "blast gas, there are in every 100 feet of gas 



14.61 feet of CO. 
0.53 " " 0, 
7.22 « " CO 



77.64 



It 



It 



and in this there are 



14.61 X 1.98 X 12/44 * 7.9 oz. C 
7.22 X 1.26 X 12/28 - 5.89 oz. C 



Total 



11.79 oz. C 



Also 



14.61 X 1.98 X 32/44 - 21.00 oz. 0, 
0.53 X 1.44 ■ 0.76 oz. 0, 

7.22 X 1.26 X 16/2 8 » 5.20 oz. 0. 



Total 26.96 oz. 0, 
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Weight of air corresponding to 26*96 oz. Og = 

26.96/*2305 » 116.86 oz. 
Weight of air per ounce of C present « 116 •86/11 .79 ■ 

9.91 oz. 

Therefore, the weight of air supplied hy secondary 
hlast per ounce of C must he 9»91-8#94 a 0.97 oz. 
In 100 feet of generator blast gas there are 12.27 oz, C 
Therefore the secondary air required per 100 feet of gas is 
12,27 X 0.97 • 12.16 oz. or 
12.16/1.293 « 9.4 feet of air 

How from the generator blast gas, 

8.94 02. air per oz. C » 8.94# air per # C 
and from the calculations ahove, the weight of carhon 
humed on Saturday per day during the hlast was 4855. 7#. 

Since 1# air is equivalent to 16/1.293 = 12.36 feet 
of air, and knowing the volume of primary hlast to he 
fas measured) 534,130 feet, 

we have 534,130/8.94 x 12.36 = 4850# of C humed. 
This checks the 4855. 7# ahove. 

In burning 13.6 feet of CO to COg, 13*6/2 or 6.8 
feet of Og are required which corresponds to 

6. 8/. 208 s 32.63 feet of air 
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Thus to TDurn the CO in 100 feet of generator "blast gas, 
32* 63 feet of air are necessary. 



From the primary "blast analysis we find 8*94 feet 
of air necessary for 1 oz* C. 

The weight of C present in 100 feet of gas is 12*27 oz. 
Total air necessary for 100 ft. of gas 12#27 x 8*94/l.293 
s 84*6 feet* 

or for every 84* 6 feet of primary air supplied, 100 feet 

of generator "blast gas were made* 
Thus the volume of gases leaving generator during blast = 

(534,130/84*7)z 100 a 630,000 feet. 
The free air in 100 feet of generator hlast gas » 

l*62/.208 s 7*8 feet, 
net air required in secondary blast to bum CO in 100 feet 

of gas = 32*63 - 7*8 = 24.83 feet* 
Thus the necessary air in secondary blast is 

630,000 X 24*83/100 a 156,430 feet* 
This checks fairly close the actual volume of secondary 
air blast for Saturday as measured, 163,210 feet. 

The oxygen of the secondary air combines with the 
CO of the gas to form COg, the volume of COg formed being 
the same as that of the original CO* The only increase in 
volume is due to the which accompanys the Og* 
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This increase is 156,430 z ,792 = 124,000 feet. 
Thus the actiial voltime of superheater gas is 
630,000 + 124,000 « 764,000 feet. 

Due to the oil oarhon deposit in the carburetter, 
some of the COo is reduced to CO. 



or ffrom the analysis) 7.22 vol. CO is equivalent to 3.61 



3.61 ft. COg = 3.61 z 1.98 a 7.15 oz. CO2 

Therefore 7.15 2 12/44 = 1.96 oz. C are required per 
100 feet of gas. 

The amount of carbon residue will theoretically be 
764,000 X 1.95/100 X 16 - 918. 9# 

The actual deposit as determined, was 6425. 3# x 
.2296 = 1475# 

The excess deposit of oil carbon, 556. 1# either 
remained on the brickwork or was bumed out in blasting. 
During the beginning of each blast, a red flame was notice- 
able, in the stack for some time, denoting burning out of 
carbon. 

In the reduction of COg to CO, the volume of the 

CO2 so bumed will be doubled. 

I II 
COo + C ■ 2 CO 1 



COo + C - 2 CO 
44 12 56 



1 oz. COg + 12/44 oz, C ■ 56/44 oz, CO 
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lor every 100 tt. of superheater "blast gas, there will "be 
an Increase of 3#61 feet. 

Total Increase due to reduction of CO "by C from oil 
deposit = 754,000 x 3.61/100 • 27»200 feet. 
Yoltune of gases escaping throngh. stack valve « 

754000 
27200 

781200 feet. 

During tlie run, the reactions in the generator take 
place according to the equations 

C ♦ H2O - CO + Hg and C + 2H2O • CO. + Mg 
12 18 26 2 12 36 44 4 

On a hasld of 12 Eg carbon, the heat absorbed 
fwith the reactions taking place at 0* C) would be 
for the formation of CO for the formation of COg 

68060 Eg calories for H2O 116120 Eg calories for HgO 
- 29160 " " "CO - 9720C " •» COg 

» 2890C " «« « 18920 " " 

Since from the temperature readings taken of the 
coke bed, we find the reactions taking place at 1280* C 

I 

rather than 0* C, these values must he corrected* The 
true value is obtained by subtracting from the heat of 
absorption at 0* the heat in the reagents, and adding 
the heat in the products. 
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The speoifio heat for carbon at temperatures over 
1000^ C is fO.5 - 120/t) 

Thus the heat in 12 ZgC is 12f0,5 - 120/1220) 1220 » 
5870 Kg calories. 

The speoifio heat for HgO is given "by 

fO.34 X t ♦ ,00015 t2) 
Since 1 moleciaar weight of any gas in Kg is equal to 22.22 
cu. meters, the heat in 18 Kg H^O at 1220* C is 22 .22 CO, 34 
X 1120 ♦ ,00015 X TnU^) « 10420 Kig calories. 

Heat in reagents « 5870 ♦ 10420 » 16290 Kg calories. 
The specific heat for CO and Hg is given "by 

(0.303t* .000027 t^) 
The heat in 28 Kg CO and 2 Kg is therefore 

44,44 f 0.303 x 1220 ♦ 0.000027 x IS2U^) » 18200 Kg calories 
Actual heat of absorption at 1220* C is therefore 
28900 - 16290 + 18200 « 30810 Kg calories « 

4645 BTU per # C. 

In a similar manner, the heat in the reagents in the 
formation of COg is 38450 Kg calories and the heat in the 
products is 35500 Kg calories. The actual heat of absorp- 
tion at 1220* is therefore 

18920 - 38450 ♦ 35500 » 15970 Kg calories » 

2395 BTU per # C. 
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From th.e aaialysis of the generator gas during the 
"nm" we find 8.96^ COg 
and 43.44^ CO 
Thus for every 100 feet of gas there are 43.44 feet of CO 
or 43.44 x 1.26/16 » 3.42# CO 

♦ HoO « CO ♦ Hp 

12 18 28 2 

The weight of steam necessary to form 3.42# CO is given 

hy 28/3.42 ■ 18/x x ■ 2.2# steam per 100 ft. gas. 

In the same v/ay, for every 100 feet of gas, there are 

2.96 X 1.98/16 = 0.366# COg 
and the steam necessary for the formation of the COg in 
100 feet of gas is given hy 44/0.366 a 36/x 



Prom the actual moisture determination, there are present 
0.914# water per 100 feet of gas. 

The weight of vapor in the saturated gas at 106* W is 

0.3377# per 100 feet of gas. 

The total moisture thUs present is 

2.2 + .2995 ♦ 0.3377 ♦ 0.914 « 3.751# per 100 ft. of gas. 
Since the total steam oonstimption for the Saturday test was 
7932. 2#, the blue water gas made during the test was 



and X = .29951 



7932.2 X 100/3.751 « 211,500 feet. 
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Witli the "blast in^ of the coke 

2C + Og ♦ 3.81 Ig « 2C0 ♦ 3.81 Hg ♦ 2 f 29160) calories 
24# C + 32# Og « 56# CO ♦ 105000 BTTJ 
Since 1 molecular weight of gas in pounds is equivalent to 
339.5 feet of gas 
24# C + 32# 0_ - 2 f339.5) ft.^ CO ♦ 3.81 f339.5) ft.^ 

+ 105000 STU 

1# C will form 28.25 ft.^ CO ♦ 53.8 ft.^ Ig * ^^^^ 
Similarly 

C ♦ COg + 3.81 Hg = COg + 3.81 II2 

12# ♦ 32# " 44# COg ♦ 175,000 BTU 

« 339.6 ft. 3 COg ♦ 3.81 f339.5) cu.ft, 
Hg + 175,000 Ba?U 

1# C will form 28.25 cu.ft, COg ♦ 107.9 cu.ft.Ug ♦ 

14580 BTU 

The volume of "blast gases leaving the generator 
is 630,000 feet. Heat liberated in the generator from 
formation of COg is 

.0912 X 630,000 x 1.98 x 12 2: 145 80 

16 ^ 44 " 28,250,000 BTU 

Heat liberated from formation of CO is 

. 1360 X 630,000 x 1.26 x 12 x 438 „ no con nnn i^rm 
16 X 28 12,680,000 BTU 

Total 40,930,000 BTU 

Volume of COg leaving the generator is 
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.0912 X 630.000 - 57,500 feet 
SenBlljle heat leaving in COg at 1600* V iB 

67500 f. 00581 ♦ .00000345 x 1600) 1600 « 1,042,000 BTU 
The volxjme of CO, Ogt and ITg leaving the generator is 

0.9088 X 630,000 - 572 » 500 feet 
The sensible heat leaving the generator in the ahove 
gases at 1600* F is 

f 

572.500 fO. 00475 ♦ 0.00000847 x 1600) 1600 » 16.780,000 

BTTJ 

Total sensible heat leaving generator in gases is therefore 

17,822.000 BTU 
Available heat left in coke, 40,930.000 - 17,822,000 

a23,108,000 BTU 

Generator gas made was 211.500 feet. 

Pounds of C present in CO « 0»4344 x 211500 x 1.26 x 12 . 

16 X 28 



Poimds of present in CO, 



3100# 

.0£96 X 211500 x 1.98 x 12 



2 16 X 44 

210. 5# 

Heat absorbed from coke by 00 is 

4645 X 3100 » 14.400,000 BTU 
Heat absorbed by COg is 

2395 X 210.5 « 505,000 BTU 
Total heat absorbed 14.905,000 BTU 
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The values 4645 and 2395 are the corrected heats of ah- 
sorption as determined ahove. 



machine were calculated hy extrapolation from the tahles 
given in Carpenter's •^Heating and Ventilating Buildings" 
pages 64 and 65* For the radiation determination, the 
average excess temperature of the generator surface as 
determined from thermocouple readings was 219* F. The 



surface area as computed is 332 square feet* The constant 
K was taken as 3 .SO* The radiation loss per square foot 
per hour was found to he 258 BTU. For a ten hour day 
this amounts to 856,000 BTU* Similarly for convection, 
the constant was found to he 2*16 and the convention 
loss 166 BTU per square foot per hour. For the same 
length of time, the convection loss was 551,000 BTU* 

Thus the total radiation and convection loss for 
the generator as computed was 1,407,000 BTU* 

Heat was necessary to vaporize and superheat the 
free moisture in the entering steam. 

With the latent heat of vaporization as 965 BTU per the 
heat of vaporization will he 123#9 x 965 » 119,200 BTU 
The heat necessary to superheat this steam to 1600* F 



The radiation and convection losses for the 



will he 123*9 X .48 X 1400 = 



83,200 BTU 



Total 
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The values 4645 and 2395 are the corrected heats of alD- 
sorption as determined ahove. 



machine were calculated hy extrapolation from the tahles 
given in Carpenter's •^Heating and Ventilating Buildings" 
pages 64 and 65* For the radiation determination, the 
average excess temperature of the generator surface as 
determined from thermocouple readings was 219 • F» The 



surface area as computed is 332 square feet. The constant 
K was taken as 3#30, The radiation loss per square foot 
per hour was found to he 258 BTU. For a ten hour day 
this amounts to 856,000 BTU* Similarly for convection, 
the constant was found to he 2*16 and the convention 
loss 166 BTU per square foot per hour. For the same 
length of time, the convection loss was 551,000 BTU. 

Thus the total radiation and convection loss for 
the generator as computed was 1,407,000 BTU. 

Heat was necessary to vaporize and superheat the 
free moisture in the entering steam. 

With the latent heat of vaporization as 965 BTU per the 
heat of vaporization will he 123.9 x 965 « 119,200 BTU 
The heat necessary to superheat this steam to 1600* F 



The radiation and convection losses for the 



will he 123.9 X .48 X 1400 = 



83,200 BTU 



Total 
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Heat mis neoessary to raporlze and superheat the 
moist-ore entering with the wet coke as snow and loe. This 
moisture amounted to 1819#. Taking the total heat In 
steam as 1146 BTU per #, the heat loss to 212* F was 

1819 X 1146 - 2.085,000 BTU 

Superheat to 1600* F was 1819 x .48 x 1400 » 1,222,000 BTU 

Total 3.307,000 BTU 

The moisture determination showed 0.914f of free 
moisture or steam per 100 feet of gas. 

The total anotmt of moisture present was •^^^^^^^^^^ sl93C^ 
The heat neoessary to superheat 1930# from 212* F to 
1600* F was taken as 1930 x .48 x 1400 « 1,295,000 BTU 

After the last inn is made, a large amount of heat 
was left in the coke and in the briok lining. The volume 
of this hriok lining ahove the grate was found to he 130 
outic feet, and with the weight of hriok as 140# per cuhio 
foot, the weight is 18200|. The speoifio heat of hriok was 
taken as 0.19 • The mean of the inside and outside tem-- 
peratures of the lining was 700* P. The heat thus left 
stored In the hrlok was 18200 x 0.19 x 700 • 2,420,000 BTU. 
Slnoe, however, the mean temperature of the hriok at the 
"beginning of the test was not 32* P hut ah out 400* , the 
net heat left after the test was 2,420,000 - f 18200 x 0.19 
X 500) - 690,000 BTU. Digitized by GoOglc 
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Also, after the last ran, a consideralDle ttnotait 
of heat was left In the fuel had. The volume occupied by 
this remalnliiBfuel was ah out 58 cubic feet. The weight 
of diy ashes recovered was 989 .e^, of which 306# was 
carbon and 683. 6^ was ash. Ifith 30# of fuel per cubic 
foot fas determined from measurements) the total weight of 
remaining fuel bed was 1740#. The weight of coke present 
was 1740 - 989.6 = 750. 4^. Of this, 645# is carbon and 
57. 4x is ash. Thus the total carbon present is 951^ in 
which the stored heat is 951 fO.5 - 120/1110) 1110 x 1.8 
= 748,000 3TU. The total ash present is 741# in v/hich the 
heat stored is 741 x 0.2 x 2000 = 296,000 BTU. The total 
heat stored in the fuel beCL is 1,044,000 BTU. 



heat was required to vaporize and superheat such moisture. 
The mean humiJlty was 60^ and the air temperature v/as ap- 
proximately 58* P. Prom Kent's ''Kechcnical En^'ineer's 
Pocket Boolr" page 484, the weight of moisture per cubic 
foot of air at 58* P is 0.000754#. The water thus intro- 
duced into the generator is 534,130 x .000754 x .60 = 241. 
Heat req[uired to raise the temperature of 241. 5# of water 
from 58^ to 212® p - = 37,200 BTU 

Heat req,uired to vaporize same - 233,000 3TTJ 

Heat retjuired to superheat same to - 162,000 BTU 
1600^ F Total 432,200 BTTK . 



Due to the presence of moisttire in the air blast. 
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Also, after the last ran, a consicLera"ble umotait 



of heat was left In the fuel had. The volume occupied by 
this remalnliiBfuel was ah out 58 ouhic feet. The weight 
of diy ashes recovered was 989 •6|, of which 306# was 
carbon and 6B3.&^ was ash* With 30# of fuel per cubic 
foot fas determined from measurements) the total v/eight of 
remaining fuel bed was 1740#. The weight of coke present 
was 1740 - 989.6 = 750 •4#. Of this, 645# is carbon and 
57*45 is ash. Thus the total carbon present is 951;f Jja 
which the stored heat is 951 fO.5 - 120/1110) 1110 x 1.8 
= 748,000 3TU. The total ash present is 741# in v/hich the 
heat stored is 741 x 0.2 x 2000 = 296,000 BTU. The total 
heat stored in the fuel bed is 1,044,000 3TU. 



heat was req^uired to vaporise and superheat such moisture. 
The mean humiJlty was 60^o and the air temperature v/as ap- 
proximately 58* P. Prom Kent's ''Kechenical En^'ineer's 
Pocket Book" page 484, the \7ei2:lit of moist-.xre ^ver cubic 
foot of air at 58* !• is 0.000754#. Tlie water thus intro- 
duced into the generator is 634»130 x ,000754 z .60 = 241,&j^. 
Heat required to raise the temperature of £41, 5# of water 
from 58* F to 212" F - = 37,200 BTU 



Due to the presence of moisttxe in the air "blast, 



Heat required to vaporize same 
Heat required to auperheat same to 
1600* F Total 



= 233,000 BTU 
- 162,000 BTU 
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A oonsideral^le amoimt of heat enters tlie generator 
as sensiole lieat in tlie orimary air. With the specific 
heat of air as 0.24 and the temperature ahove freezing 
as 58 - 32 = 26* this c^uantity of heat amounted to 
534,130 X 0.24 x 26 = 3,330,000 3TU. 

The heat enterin£;,* with the moisture of the primary 
air is 241.5 x .000754 x .60 x 26 = 6280 BTU. 

Heat is required to superheat the total dry steam 
introduced to 1600? P in order to permit of the chemical 
action taking place. This heat amounts to 
7808.3 X .48 x 1400 =» 5,250,000 BTU- 

The heat leaving the generator ds sensible heat 
in the hlue water gas is distributed as follows: 

£11500^^^0296 ^ Q^2^ ^ .00C22 x 900) 900 x 1.8 x 2.204 •= 

236.000 BTU 

CO, Hg Eg and Og 

^^^^Qg^fs'^^Q^ f0.303 . .000027 x 900) 

900 X 1.8 X 2.204 ■= 6,300,000 BTU 

Total 6,536,000 BTU 

From tlie b.'bove v/e find that the heet introduced 

into th,e generator during the day was distributed as 

follows : 
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Seat stored in fuel bed durinj blast 40,930,000 BTU 

Heat entering with dry stear. 8,950,000 ^ 

Heat entering with dry air 3^330,000 " 

Heat entering with steam moisture 26,200 " 

Heat entering with air moisture 6,280 ^ 

Total 53,242,480 BTU 

This amount of heat introduced into the generator 

was ahsorhed or dissipated in the following manner: 

Heat leaving as sensible heat in blast gases 17,822,000 BTU 
Heat required for production of blue 

water gas 14,905,000 " 
Heat leaving as sensible heat in blue 

water gas 6,536,000 " 

Heat re^Luired to superheat dry steam 5,250,000 " 
Heat reqpiired to vaporize and superheat 

coke moisture 3,307,000 " 

Heat lost as radiation and convection 1,407,000 " 
Heat required to superheat moisture in gas 1,295,000 " 

Heat remaining in fuel bed 1,044,000 " 

Heat remaining in brick lining 690,000 " 
Heat required to vaporise and superheat 

blast moisture 432,200 " 
Heat required to vaporize and superheat 

steozn moisture 202,400 " 

Heat unaccounted for 351,880 " 

Total 53,242,480 BTU 



ffenerator efficiency 



14905000 + 6,536,_000 ^ .p. 
53,^42,460 
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CALCUIATI01T3 JOE CAH3UHETTER 
AH) SUPEREEATEB 

Test of Satxirday, Febniary 13th» 1909 
7:30 A.M. to 6:00 P.M. 
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CALCULATIOITS ?0R CAK3UBETTER & SUPISHSAT3R 



Test of Saturday, Pebmary IStli, 1909 



7:30 A.M^ to 6:00 P.M. 



The heat supplied will he as follows: 



Sensible heat in the blast gases 
Sensible heat in the blue water gas 
Sensible heat in the secondary air 
Sensible heat in the oil 

Sensible heat in the moisture of the secondary air 
Heat liberated by the burning of CO. 



The heat introduced as above will be absorbed, lost 



or dissipated as follows: 
Heat necessary to crack oil 

Heat absorbed by reduction of COg to CO by oil deposit 
Sensible heat in escaping stack gases 

Sensible heat in unpurified carburetted water gas leaving 
the machine. 

Heftt necessary to vaporize and superheat the moisture in 

the secondary air. 
Heat lost as radiation and convection 
Heat left in brickwork after last run. 

As determined before, the sensible heat supplied in 
the blast gases was 17,822,000 BTU and in the blue water gas 
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was 6,536,000 BTU. 

The sensible heat in the secondary air was 
163,210 f. 00475 + .00000847 x E6)26 - 21,190 BTU. 

Taking speoiflo heat of the oil as 0*472, the 
heat introduced as sensible heat in the oil was 

6425.3 X 123*4 x 0*472 375,000 BTU. 

The sensible heat in the moisture of the secondary 

air was 

163,210 X .000754 x .60 x 26 « 1920 BTU. 
The CO in the entering blast gases is burned by 
the admission of secondary air according to the equation 



cubic meters. Since the reaction takes place at 1600* 

or about 900 • C, we must add to the above value the 
f 

sensible heat of the products and suhtraot the sensible 

heat of the reagents. 

The sensible heat of the reagents is 

33.33 f.303 ♦ .000027 x 900) 900 « 9280 Eg calories. 
The sensible heat of the product is 

22.22 r^7 ♦ .00022 x 900) 900 « 11380 Eg calories 
The corrected value of heat liberated is therefore 
68020 - 9820 + 11380 - 70580 Eg calories per 22.22 



CO + Og ■ COg 
At 0^ C, the heat liberated by this reaction is 



97,200 - 29,160 = 68,020 KG calories per 22.22 
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outio meters or 357 BTU per cubic foot. 
The total heat thus liherated by combustion was 
630,000 X •1360 x 357 - 30,600,000 BTU. 

The volume of the oheckerwork hrick in the car- 
huretter was determined as 123 cubic feet. The weight of 
this brickwork amounts to 123 x 140 ■» 17,20C^* 



The heat left stored here was 17,200 x 0.19 x 1600 



« 5,220,000 BTU* The volume of the cheokerwork brick in 
the superheater was determined to be 171 cubic feet, and 
the weight of the seme 171 x 140 * 23,95(tf* The heat 
left stored here was 

23,960 X 0.19 X 1400 - 6,350,000 BTU 
The volume of the lining of the carburetter was 
computed from measurements to be 279 cubic feet* With 
the average temperature of the lining as 890* ?, the 
heat left stored here was 



Similarly the heat left stored in the brick lining of the 
superheater was 

339 X 140 X 0*19 x 780 = 7,040,000 BTU. 
The total heat thus stored in the brickwork was 

25,220,000 BTU 
Ho correction has to be made here for bringing 
the machines into operation cold, for thermocouple readin^ 
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279 X 140 X 0.19 x 890 = 6,610,000 BTU 
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showed the temperatures of oarhuretter and superheater to 

remain practically constant during the time taken for 

clinkering and cleaning* 

Assuming that all the CO of the entering hlast 

gas is "burned to COgt the actual net Og necessary as 

shown from the analysis of generator "blast gas would "be 

13.6/2 - 1*62 = 5.18 feet of Og per 100 feet of gas. 

5.18 feet of Og represents 24.9 feet of air in which there 

are 19.70 feet of Thus, on hxixning the CO in 100 feet 

of. gas hy the addition of 24.9 feet of air, the resultant 

volume is 9.12 13.60 75.66 19.70 « 118.08 feet. 

The percentage of COg now present after "burning is 

fl3.60 ^ 9.12) . TO 
lis. 08 19-21^ 

Thus, for every 100 feet of gas "burned^ there 
results 19.21 feet of COg or for every 100 feet of gas 
humed there are required 19.21 x 1.98 x 12/44 - 10.35 oz.C. 
Prom the analysis of superheater "blast gas, there are 
present 11.79 oz. C per 100 feet of gas. The carhon there- 
fore picked up from the checkerwork "brick per 100 feet of 
gas must "be 11.79 - 10.35 = 1.44 02 • If completely "burned, 
the actual volume of "blast gases leaving the superheater 
would he 630,000/100 x 1.18 = 745,000 feet. 
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The weight of oil deposit oar'bon picked up from the 
"brick was therefore 

745,000/100 X 1*44/16 670# 
The actual amount of deposit carhon present in the oil as 
determined was 22.95%. 
The carbon deposited was therefore 

6425.3 X .2295 - 1475# 
The remainder 1475 - 670 or 805# was left on the hriok* 
According to the reaction 

COg ♦ C « 2 CO 
97000- 59320 = 37680 Eg calories were ahsorhed per 
12 Eg of carbon. 

The total heat thus absorbed was 

Tlie analysis of superheater "blast gas shows that 
for every 100 feet of gas there are 
14.61 feet COg 
0.53 " Og 
7.22 " CO 
77.64 " ITg 
The sensible heat in the CO2 is 

.1128 X 14.61 r.37 + .00022 x 780) 780 * 695 BTU 
and in the other gases 

.1128 X 85.39 f.303 ♦ .000027 x 780) 780 « 242 BTU 
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The heat thus lost as sensible heat in the escaping hlast 
gases was 

781,200/100 X 937 • 7.310.000 BTU 

The radiation and oonveotion losses for carhxiretter 
and superheater amounted to 2,640,000 BTU. 

The weight of the moisture in the secondary air 
was 163,210 X • 000754 x .60 = 73.9# 

The heat required to vaporize and superheat this 
was 142,280 BTU* 

The heat necessary to raise if of v/ater from 
123* P to 212^ jP, convert it into steam and superheat it 

I 4 

to 1600* P is 1726 BTU. 



Oil to that of water at 1600* F is foiind to "be 102/188. 
The heat that was therefore neoessary to orack the oil 
was 6425.3 x 1726 x 102/188 » 6,010,000 BTU 



From Plate r7II the ratio of the gross heat of 



The analysis of the carhuretted gas leavin- the 



superheater shows that for every 100 feet there are 



2.43 feet COg fO.37 ♦ .00022 t ) 



whose specific heats are 



13.07 " C2H4 fO.46 * .0003 t ) 



19.10 " H4 fO.38 ♦ .00022 t) 



0.17 " O2) 
32.67 " CO ) 



26.43 " H2) 65.40f0.303 + .000027 t ) 
6.13 " Ug) 
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The stun of th.e products of each constituent above 
multiplied "by its specific heat and rise in temperature 
from 0* C to 780* or 1400* F shows that the sensible heat 

• I • . 

in 100 feet of ^as was 3709.8 BTU. Tlie total heat thus 
leaving as sensible heat in "^he unpurified oarhuretted 
water gas was 

(270.000/l00)x 3709.8 » 10,000.000 BTU 



leather in the "London Journal of Gas Lighting'', June 
19, 1906, aad to '•Liquid and Gaseous Fuels" hy V. B. 
Lewes, the amount of oil gas made per liter was talcen as 
614 liters. 3fhis is the same as 66.3 feet of oil gas per 
gallon. Ihe total oil gas made per day was then 
885.03 X 66.3 • 58,600 feet. Since the "blue water gas 
amounted to 211,500 feet, the unpurified oar^ouretted gas 
made was 211,500 58,600 270,100 feet. The free vol- 
ume of carhuretter and superheater was determined as 
3260 ouhio feet. The gas lost in "purging" the machine 
amounted to 50 x 3260 = 163,000 feet. Correcting this 
value to 60* P end suhtr acting it, we have 270,100 - 
41,100 = 229,100 feet which checks the purified gas 
228,900 as measured. 



Referring to an article hy R. Ross and J. P. 
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Thus tlie heat entering the oarhuretter was distrihuted 
as follows: 

Heat liberated by burning of CO 30,600,000 BTU 

Sensible heat in blast bases 17,822,000 " 

Sensible heat in blue water gas 6,536,000 " 

Sensible heat in oil 375,000 " 

Sensible heat in secondary air 21,190 " 

Sensible heat in moisture of air 1,920 " 

Total 55.356.110 " 
This asiount of heat was dissipated as follows: 

Heat left stored in brickwork 26,220,000 BTU 

Sensible heat in carburetted gas 10,000,000 " 

Sensible heat in blast gases 7,310,000 " 

Heat necessary to "crack" oil 6,010,000 " 

Heat absorbed by reduction of CO2 3,775,000 " 

Heat lost by radiation and convection 2,640,000 " 

Heat req.uired to superheat air moisture 142,280 " 

Heat unaccounted for 258,830 " 

Total 55,356.110 BTU 

Carburetter Efficiency = 

10.000,000 6,010.000 „^ ^ 

— * 55,356,110 • 29. Of. 
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DATA 

Test of Tuesday, February 16tli, 1909 
7:30 A.M. to 6:00 P.ll. 
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DATA 

Test of Tuesday, ?ebaraary 16tli, 1909 
7:30 AJi. to 6:00 PJ^. 



Primary air "blast as measured 
Primary air "blast temperature 
Secondary air "blast as measured 
Secondary air "blast temperature 
Steam consumption 



fDry steam 
(llolsture 



7376. 0# 
120. ojF 



Quality of steam during blast 
Quality of steam during run 
Wet coke used 



fDry coke 
(Moisture 
fCar"bon content 

Wet Ashes recovered 

(Dry ashes 
flloisture 

Total Oil Consumption 



Oil Temperature 
Tar Recovered 
Purified Gas Kade 



97.8^ 
98.4^ 



lia02# 
895} 
9,65&? 



986. 
75. 4# 



537,490 feet 
55*4-* V. 

133.880 feet 
55.4* P. 



7496. 



11997 # 



1185 # 

796.1 gal. or 
5779.7^ 

119.1* 

670# 
215800 ft. 
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Heating Values 

Coke per poxmd 12815 

Ashes per pound 1842 

Oil per gallon 141400 

Tar per pound 16266 

MeaxL relative humidity 50^2 



Digitized by 



Digitized by 



Google 



53 



Follov;lng the same method as outlined for the 
Saturday test, the amount of oarbon turned during the 
blast is found to have been 



Actual weight of carbon consumed was 9635# 

Carbon left for production of blue water gas 4746* 7# 



is given by 25.04/39.97 - x/7946. Thus x • 470aJ which 
checks closely the value of 4746#7# given above* 

The volume of blast gases leavin^^ generator 
was f 537.490/84*7)x 100 = 635.000 feet. 

The necessary air in the secondary blast was 
(635. 000/100 )x 24.83 = 157.670 feet. 
The actual volume of secondary blast as measured was only 
133.880 feet, showing that not enough secondary air was 
admitted for efficient operation* An inspection of the 
log Data will shov/ that for the first two or tliree hours 
on Tuesday morning, very much less secondary air was 
admitted than for the corresponding blasts on Saturday* 
The statement that the secondary valve was not open 
wide enough is borne out by the fact that, especially at 
the beginning of the blasts, sometimes blue and sometimes 
luminous flames appeared and remained for some time above 
the stack valve, due to the combustion of the CO and the 



537.490/110 = 4886 •3# 



The amount of carbon required for blue v/ater gas 
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oil deposit. 

With the addition of secondary air, the irorease in 
voltune is due only to the Hg entering. This increase is 
egual to 133,880 x .792 ■ 106000 feet. The actual volume 
of superheater gases is now 

635,000 106,000 « 741,000 feet. 

The amount of carbon residue from the oil will ha 

741,000 ^ 1.95 « 905 0* 
100 ^ "T5" ^^^•^ 

The actual deposit as determined hy tests was 

5779.7 X .2295 « 1326# 

The excess, 421#, was left on hriclcwork or "burned out during 

hlast. 

The amounts of initial volumes of air used on 

IPuesday and Saturday are in the ratio of ^^^^^ fProm 

74660 

Air Log data) 

Assuming that for these preliminary "blasts, which 

are for the puroose of "bringing the machine up to heat from 

a cold state, that 30^ air passes through without reacting 

on car'bon, we have (91400 - 74650). 30 * 5030 feet of air. 

This when turned, represents 5030 100 » 5940 

84.7 

feet of gas. The heat stored in the coke hed "by the hum- 

ing of this amount of gas would he 5940 x #0912 x 1.98 x 12 

16 X 44 

^ ^^^^^ " 2,660,000 RTU. 
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Tlius the net heat stored in the ooke "bed during blasting 
was 41,230,000 - 2,660,000 » 38,570,000 BTU. 
By the reduction of COg to CO, the increase in volume 
Will he 741^ ^ 3;^^ . ^^^^^ 

Yolxme of gases escaping from stack will thus "be 
741.000 26,750 « 767.750 feet. 

With a total steam consumption of 749 6#, the 

volume of tlue water gas made during the test was 

7496 X 100 ^ ^ 
57751 — " 200,000 feet. 

By a set of computations similar to those used 
for the Saturday test we find the heat introduced into 
the generator distributed as follows: 

Heat stored in fuel "bed during hlast 38,570,000 BITTJ 

Heat entering with dry steam 8,450,000 ^ 

Heat entering with dry air 2,970,000 ^ 

Heat entering with steam moisture 21,600 ^ 

Heat entering wElth air moisture 4,650 ^ 

Total 50.016,250 
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This amount of heat introduced into the generator 
was absorbed or dissipated in the following manner: 

Heat leaving as sensible heat in blast gases 17,950,000 BTU 

Heat required for the production of blue 

water gas 14,079,000 * 

Heat leaving as sensible heat in blue 

water gas 6,190,000 ^ 

Heat required to superheat dry steam 4,950,000 ^ 

Heat required to vaporize and superheat 

coke moisture 1,560,000 ^ 

Heat lost as radiation and convection 1,407,000 ^ 

Heat required to superheat moisture in gas 1,140,000 ^ 

Heat remaining in fliel bed 1,044,000 " 

Heat remaining in briclc lining 690,000 



It 



Heat required to vaporize and superheat 

blast moisture 363,000 

Heat required to vaporize and superheat 

steam moisture 196,000 

Heat unaccounted for 447,250 ^ 

Total 50,016,250 BTU 



Generator Efficiency « 

14,079,000 -^ 6,190,000 ^ 
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CAICLIuVTICrS ?0H CAP3UPJ2TT3R AlTD SUTSHEZATSH 

Teet of Tuesday, February 16, 1909 
7:30 A.i:. to 6:00 P.K. 
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CJiiCUIiATICrS ?0I^ CAPJ3IjTvETT3R ATD SUP?>RIi3AT^R. 

Test of Tuesda7, Pebruary 16th, 1909 
7:30 A*K* to 6:00 '£.11. 

The distrilDution of the various auantities of 
heat was as outlined for the Saturday Test, and the 
values of the various quantities are ^iven below. 



of heat liberated "by the burning of CO to COg in the 
carburetter, since reference to the Lo^- Data of the air 
blast and the ^prelininary calculations shov/s that for 
the first two hours on Tuesday morning not enough second- 
ary air was admitted to burn the gases completely. If 
sufficient secondary air had been admitted, however, the 
heat liberated would have been 30,800,000 BTU, the cal- 
culation being made outlined before. Por eg^ual volumes 
of primary air used for aojjroximately the first two hours 
on Saturday and Tuesday mominrs, equal to 156,980 cubic 
feet, we find the volumes of secondar^^ air to be 50,060 
feet and 39,200 feet respectively. The heat liberated in 
the carburetter during this time fwith sufficient secondary 
air for complete coubustion) would be 



A correction was made, however, to the amount 



156,980 
537,450 



z 30,800,000 « 8,990,000 BTU 
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Since, however, tliere v/&s a cle-ricienc7 of 

50,060 - 39200 = 10,860 foet of L.ir, the ur.otmt of 
heat which must he deducted fron 30,800,000 3TU is 

501 050 - ac 8,990,000 « 1,950,000 BTU 

The corrected value of heat lihercted "bj the hiirning of 
CO to COg in the carhuretter is now 

30,800,000 - 1,950,000 « 28,850,000 3TU 

The heat introduced into olio cc-r^rjiret'Ler id 
distrihuted as follows: 

Heat liberated "by the hurninj of CO 28,850,000 BTU 

Sensible heat in olcst gases 17,950,000 " 

Sensible heat in blue water ^as 6,190,000 " 

Sensible heat in the oil 324,500 " 

Sensible heat in secondary air 14,580 " 

Sensible heat in air moisture 1,160 " 

Total 53,330,240 " 
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This cmomit of heat was dissipated as follorys: 

Heat left stored in briclovork E5, 320,000 PTU 

Sensible heat in carburetted gas 9,390,000 " 

Sensible heat in blast gases 7,100,000 " 

Heat neoessar;^ to "crack" oil 5,410,000 " 

Heat absorbed by reduction of COg 3,125,000 " 

Heat lost by radiation and convection 2,640,000 " 

Heat re<3.uired to superheat air moisture 90,520 " 

Heat unaccounted for 554,720 " 

Total 53,330,240 " 

Carburetter Efficiency " 

9,590.000 5,410.000 ^ orf 
63.330.240 27.8% 
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H3AT BALAirCS 
I)istrll)ution of Heat In Percenta g e of Input . 

Generator : 

Test' Test #2 , 

Sensible heat leaving in blast gases 33*51 35.85 

Heat reg,uired to produce blue water gas 28.01 28.10 

Sensible heat leaving in blue water gas 12*28 12.38 

Heat reg^uired to superheat dr^ steara 9* 87 9*89 

Heat req,uired to vaporize and superheat 

coke moisture 6.21 3.12 

Heat lost by radiation and convection 2.64 2*81 

Heat required to superheat moisture in 

gas 2*43 2.28 

Heat left in fuel bed 1.95 2.19 

Heat left in brick lining 1.30 1.38 

Heat required to vaporize and superheat 

blast moisture 0.81 0.73 

Heat req.uired to vaporize and superheat 

steain moisture 0*38 0.39 

Heat unaccounted for 0#60 0*88 

100.00 100.00 
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Carburetter and Superheater ; 

Test #1 Test u=Z 

Heat left in "briclr.vork 45.50 47.40 

Sensible heat leaving in carbxiretted 

gas 18.10 17.60 

Sensible heat leaving in "blast gases 13.20 13.30 

Eeat re(iuired to oracic oil 10.88 10.10 

Eeat absorbed by reduction of COg 6.83 6.85 

Eeat lost by radiation end convection 4.77 4.95 

Heat re^LUired to superheat blast 

moisture 0.26 0.17 

Heat unaccounted for 0.46 0. 63 

100.00 100.00 
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Satxurday 

Input 

Coke - - 10.406 x 12.983 - 135,800.000 

Oil - - 885.03 X 142.100 = 126,000,000 
Steam - 7808.3 x 1146 » 8,950,000 

123.9 X 180 « 22,250 

270,772,250 BTTJ 

Ash reoovered 986.9 x 4762 » ~ 4,705.000 

net 266,067.250 BTU 

Output 

Gas 228,900 x 626 " 143,200,000 BTU 

Tar 16,266 x 670 « 10,900,000 

Total 154,100,000 BTU 

Thermal Efficiency "58.0^ 

The amount of tar recovered was but 670#. This 
was not 'the total amount actually removed from the gas, 
since it was impossihle to obtain the whole amount from 
the tar extractor and condenser seal. By increasing the 
amount to 670|, this value was within 100# of the actual 
amount "by the estimate of the Superintendent of the Gas 
Works. This error affects the efficiency above only 
slightly. 
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IPaesday 

Input 

Coke 11.102 X 12.815 « 

Oil 796.1 X 141.400 * 

Steam - - f7376 x 1146 
f 

f 120 X 180 

Ashes recoyered 986*6 x 1842 " 

ITet 

Output 

Gas 215.800 x 623 = 

Tar 16.266 x 670 

Total 

Thermal IDfficiency « 55. 4^0 



142,800,000 
112.800,000 
8.450,000 
21,600 
264.071,600 BTU 
- 1,818,000 
262.253,600 BTU 



134,200,000 BTU 

10,900,000 
145,100,000 BTU 
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General Resultant Data 

Test #1 Test #2 

Gallons of Oil per 1000 feet of 

pTtrified gas 3.685 3.690 

Pounds of steam per 1000 feet of 

blue water gas 37.50 37.45 

Poxmds of steam per* 1000 feet of 

pxirified gas 34.60 34.80 

Pounds of Dry Coke per 1000 feet 

of "blue water gas 21.0 20.3 

Total pounds of dry ooke per 1000 

feet of purified gas 45.5 51.5 



Efficienoles 

Generator Car-ouretter & Superheater Set 

Test #1 40,3^5 29.0^ 58.0^^ 

Test #2 40,55$ 27. 8^2 55.4^ 
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amiMARY. 

It has "been previously stated that the object of 
theae tests was to determine a heat balance for the water 
gas set and to find the commercial efficiency of the 
machine. Such an analysis of heat distribution was made 
for the purpose of comparing the magnitudes of the various 
losses and showing- to what extent some of them might be 
reduced for a more economical operation of the plant. 



that a considerable amount of heat was reg.ulred to vapor- 
ize and superheat the moisture In the form of Ice and 
snow entering the generator wltjr the coke^ An Inspection 
of the coke analyses shows the amounts of moisture In the 
coke to be very high, ranging, from 14. 82^^ for Test #1 to 
7.46^ for Test #2. The reason for such high percentages of 
moisture lies in the fact that all coke used during the 
tests was drawn from a pile which was not covered nor 
protected from the elements In any way. ^ere the coke 
to stand under cover, a saving of from 3y to 6fo of the 
heat liberated might be effected — the same amount of 
heat would be stored In the fuel bed for a shorter time 
of blasting. Kore efficient heating of the fuel bed 
would also take place with dry coke, for the frozen masses 



A comparison of the results of the two tests shows 
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of ooke and loe which were Introduoed were too large to 
secure the hest results. 

An inspection of the log Data ancL the Generator 
Calculations shov/s that insufficient secondary air was 
admitted for the complete corahustion of hlast gases in the 
carhuretter during the first part of Test #2. With suf- 
ficient secondary blast, ah out 2,000,000 BTU or nearly 
4^ additional heat would have heen liberated. 

The total oil carbon deposited on the checker- 
work brick of the carburetter during Test #1 and Test #2 
amounted to 1475# and 1326# respectively. With sufficient 
secondary blast to have completely burned out this carbon 
there would have been no reduction of COg to CO and con- 
se(iuently a saving of about 8^ of the heat input* 

From the average of a large number of determina- 
tions of the <i"u.ality of steam, talzen both during the blast 
and during the run, it is seen that during the time of 
blasting, when the steam is standing in the pipe, the 
quality dropped only O.eO^j. This small variation was due, 
no doubt, to the high temperature of the surroundir^g air 
end also to the fact that a number of auxiliary apparati, 
such as steam pumx)s, were continuously drawing steam from 
the service main. 
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of ooke and ice which were introduoed were too large to 
secure the "best results. 

An Inspection of the log Data and the Generator 
Calculations shov/s that insufficient secondary air was 
admitted for the com^olete conihustion of hlast gases in the 
carhuretter during the first part of Test #2. With suf- 
ficient secondary blast, about 2,000,000 BTU or nearly 
4fo additional heat would have been liberated. 

The total oil carbon deposited on the checker- 
work brick of the carburetter during Test #1 and Test #2 
amounted to 1475# and 1326# respectively. With sufficient 
secondary blast to have conipletely burned out this carbon 
there would have been no reduction of COg to CO and con- 
se(iuently a saving of about B% of the heat input* 

From the average of a large number of determina- 
tions of the <iuality of steam, talcen both during the blast 
and during the run, it is seen that during the time of 
blasting, when the steam is standing in the pipe, the 
quality dropped only 0.60^. This small variation was due, 
no doubt, to the high temperature of the surrounding air 
end also to the fact that a number of auxiliary apparati, 
such as steam pumx)s, were continuously drawing steam from 
the service main. 
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LOG DATA 
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Time 



Tamperaturae In Machlna* 

Friday, February 12, 1909 - 7:25 P.M. 
to 

Saturday, February 13, 1909,-6:08 P.M. 



Generator 

Couple if4 

jiO 



Carburetter 

Couple #6 
po 



Superheater 
Couple #5 



Stack 

Couple #3 
po 



25 


770 


"1 T ^ e 

1365 


1260 




972 


1400 


1292 




JLU%U 




IBoO 


A tZ 


1100 


1378 


1 n ^ A 

1260 




IJLoU 


1360 


T Oil A 

1240 




±4 r U 


1 AAA 


1 oylA 
ltf-4U 






1 >l AA 


1 oylA 

JLi;^4U 


uo 


X%JLO 


lO f o 


1 0>IA 

J.^4U 




xoov 


JLO f U 


1 OOA 


01 




14.1 R 


1 PAH 


02 


1620 


1415 


1240 


04 


1575 


1395 


1240 
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1400 


:43 


1680 


1518 


1400 




1730 


1525 


1410 


:44 


1786 


1537 


1410 




1830 


1549 


1420 


:45 


1815 


1560 


1420 




1825 


1560 


1420 


:46 


1815 


1552 


1420 




1780 


1549 


1410 


:47 


1730 


1546 


1410 




1710 


1537 


1410 



Digitized by 



Digitized by 



Google 



87 



Time 


Generator 

CoTiToTe Jl4 


Cerburetter 


Superheater 


3;37 


1510 


1521 


1400 




1505 


1518 


1410 


:38 


1495 


1511 


1410 




1485 


1500 


1410 


:39 


1485 


1493 


1410 




1485 


1490 


1400 


:40 


1480 


1487 


1400 




1480 


1484 


1400 


:41 


1485 


1478 


1400 




1505 


1487 


1400 


:42 


1560 


1490 


1400 




1640 


1500 


1400 


:43 


1680 


1518 


1400 




1730 


1525 


1410 


:44 


1786 


1537 


1410 




1830 


1549 


1420 


:45 


1815 


1560 


1420 




18E5 


1560 


1420 


:46 


1815 


1552 


1420 




1780 


1549 


1410 


:47 


1730 


1546 


1410 




1710 


1537 


1410 



Digitized by 



Digitized by 



Google 



88 



Time 


Generator 
Couple #4 


Carburetter 
Couple #6 
F 


Superheater 
Couple #5 
po 


3:48 


1685 


1534 


1410 




1670 


1525 


1410 


:49 


1660 


1525 


1410 




1655 


1521 


1410 


:50 


1645 


1518 


1410 




1630 


1504 


1410 


:51 


1630 


1500 


1410 




1620 


1497 


1410 


:54 


1610 


1500 


1410 


207 


1965 


1600 


1455 


: 69 


1630 


1588 


1455 


4:03 


1320 


1543 


1440 


:06 


1430 


1552 


1430 


:10 


1830 


1630 


1460 


:12 


1805 


1605 


1460 


:15 


1665 


1575 


1460 


Generator charged v.lth ooke 




:18 


1630 


1560 


1455 


:E1 


1220 


1572 


1455 


:24 


1205 


1595 


1460 


:26 


1310 


1583 


1460 


:30 


1345 


1528 


1440 


:32 


1425 


1534 


1440 

Digitized by VjO( 



Digitized by 



Google 



Generator 
Couple #4 

Time 


oarourdTusr 
Couple #6 


superneater 
Couple #S 

mO 


4:35 


1810 


1583 


1 >! C C 

1455 


:37 


1725 


1580 


1448 


:40 


1600 


*1 C f C 

1565 


1448 


:43 


1685 


looo 


1448 


:46 


1865 


1586 


1455 


:48 


1810 


looO 


1 A C d 

1455 


:52 


1690 


1555 


n il >l A 

1448 


:54 


1830 


1575 


1455 


:56 


1980 


1620 


1500 


:58 


1850 


1610 


^ AA 

1500 


5:01 


1405 


T COA 

1580 


1500 


:03 


1530 


1575 


1490 


:06 


1806 


1605 


1500 


:08 


1735 


1590 


1490 


:1S 


1660 


1565 


1490 


:13 


1645 


1560 


1490 


Generator 


charged with 


coke 




:15 


1600 


XOOD 


1470 


:16 


1425 






iZZ 


1580 


1605 


1490 


:24 


1565 


1581 


1490 


:27 


1510 


1552 


1480 



Digitized by 



Digitized by 



Google 
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Time 


Generator 
Couple #4 

j»0 


Carburetter 
Couple #6 

jiO 


Superheater 

Couple §Z 
po 


5:31 


1715 


1575 


1480 


:34 


1865 


1635 


1480 


:37 


1736 


1595 


1490 


:39 


1710 


1580 


1490 


:42 


1865 


1581 


1480 


:44 


S030 


163S 


1490 


:46 


1680 


1605 


1480 


:61 


1345 


1680 


1490 


:65 


1510 


1570 


1460 


:68 


1740 


1583 


1480 


6:01 


1615 


1565 


1470 


:04 


1585 


1570 


1470 


:08 


1580 


1546 


1470 



Digitized by 



Digitized by 



Google 
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Time 
7:38 
:45 
:52 
8:00 

:01 
:02 
:03 
:04 
:05 
:06 
:07 



Temperatures in Kaohine 
Tuesday, Peljruary 16, 1909 
7:38 A.M. to 5:42 P.M. 



Generator 



Couple #5 



Carburetter 

>UT 



Coujgle #6 



1140 
1020 

1854 
1548 
1456 
1402 
852 
866 
932 
900 
906 
816 

758 
730 

680 

646 

644 

610 



1540 
1549 

1580 



1555 



1549 



Superheater Stack 
Couple #3 Couple #4 

■aO T?0 



1340 
1400 
1444 



1420 



1410 



Digitized by 



Google 



Digitized by 



Google 



92 



Time 
8:08 

:09 

1 10 

:11 

:12 

:13 

:14 

:15 

:16 

:17 

:18 



Generator 

Couple #5 
po 

586 
586 
546 
546 
530 
540 
546 
546 
546 
492 
586 
550 
486 
512 
678 
658 
812 
816 
820 
860 
866 
890 



Carljuretter 
Couple #6 



Supe rheater Staok 

Couple #3 Couple #4 
po po 



1511 



1400 



1521 



1410 



Digitized by 



Digitized by 



Google 
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Generator Carburetter Superheater Stack 
Couple #5 Couple #6 Couple #3 Couple #4 
Time pO gO go 

8:19 906 
914 

:20 936 1552 1410 

944 

:21 944 

958 

;22 958 1497 1390 

972 

:23 972 
986 

:24 1002 
980 

:26 986 
1058 

:26 1092 

1092 
:27 1046 

1086 

:28 1I8B 1445 1350 

1172 

:29 1202 
1252 



Digitized by 



Digitized by 



Google 



94 



Generator Carburetter Superheater Staok 
Couple #5 Couple #6 Couple #3 Couple #4 
Time po po po yO 

8:30 1278 
1298 

:31 1322 
1368 

:32 1382 
1416 

:33 1416 1484 1360 

1412 

:34 1418 
1416 

:35 1416 1484 1380 

1402 

:36 1404 
1406 

:37 1406 
1402 

:38 1404 
1406 

:39 1402 1493 1400 

1382 

:40 1406 
1430 



Digitized by 



Google 



Digitized by 



Google 
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Generator Carburetter Superheater Staok 
Couple #5 Couple #6 Couple #8 Couple #4 
Time go jO go go 

8:41 1452 
1478 

:42 1512 1466 1380 

1538 

:43 1562 
1590 

:44 1588 
1588 

:45 1586 
1584 

:46 1562 1500 1380 

1660 

:47 1558 
1544 

:48 1540 
1532 

:49 1522 1493 1410 

1522 

:50 1512 
1512 

:51 1542 
1572 



Digitized by 



Digitized by 



Google 
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Generator Carbttretter 
Coirple #5 Couple #6 



Time 
8:52 1594 
1630 

:53 1646 1466 

1662 

:54 1682 
1700 

:55 1682 
1632 

:56 1592 1525 

1412 

:57 894 
946 

:58 916 1552 

844 

:59 866 
606 

9:00 764 
:03 1490 
:05 1484 
:08 1531 
:10 1555 

(Jenerator charged with coke 
:12 1546 



Superheater 
Couple #3 



1370 



1400 



1410 



1360 
1360 
1390 
1410 

1420 



Stack 

Couple #4 
po 



Digitized by 



Google 



Digitized by 



Google 
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Generator Car'buretter Superheater Stack 
Couple #5 Couple #6 Couple #3 Couple #4 
Time po 



9:16 


1497 


1370 


:21 


1460 


1325 


:25 


1484 


1340 


:E7 


1490 


1350 


:29 


1484 


1350 


:33 


1436 


1325 


:37 


1487 


1340 


:39 


1514 


1350 


:42 


1466 


1325 


:45 


1433 


1520 


:48 


1493 


1325 


:51 


1525 


1340 


:56 


1460 


1320 


10:00 


1525 


1325 


:01 


;555 


1350 


:06 


1490 


1326 


:08 


1463 


1320 


:11 


1521 


1325 


Grenerator charged with coin 




:12 


1534 


1340 


:15 


1507 


1326 


:17 


1484 


1320 



Digitized by 



Digitized by 



Google 
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Time 


Generator 
Couple #5 


Car'bnrettor 

Couple ^6 
po 


Superheatei 

Couple #3 
po 


9:16 




1497 


1370 


:21 




1460 


1325 


:25 




1484 


1340 


:27 




1490 


1350 


:29 




1484 


1350 


:33 




1436 


1325 


:37 




1487 


1340 


:39 




1514 


1350 


:42 




1466 


1325 


:45 




1433 


1820 


:48 




1493 


1326 


:51 




1525 


1340 


:56 




1460 


1320 


10:00 




1526 


132'6 


:01 




;555 


1350 


:06 




1490 


1326 


:06 




1463 


1320 


:11 




1521 


1325 


Generator charged with ool5» 




:12 




1534 


1340 


:15 




1507 


1325 


:17 




1484 


1320 



po 



1205 



Digitized by 



Google 



Digitized by 



Google 
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Time 
10:20 
:25 
:28 
:33 
:36 
:37 

:38 
:39 
:40 
:41 
:42 
:43 
:44 
:45 



Generator 
Couple #5 

j>0 



Carburetter 

Couple ife 
po 

1487 
1493 
1546 
1475 
1507 



1426 
1368 
1402 
1412 
1442 
1492 
1542 
1592 
1622 
1662 
1672 
1660 
1652 
1632 
1628 
1622 
1620 



Superheater 
Couple #3 



1315 
1325 
1340 
1325 
1326 



1526 



1487 



1484 



Stack 
Couple if4 



1220 



1340 



1325 



1325 



Digitized by 



Google 



Digitized by 



Google 
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Time 
10:46 



:47 



:48 



:49 



:50 



:51 



:52 



:53 



:54 



:55 



:56 



Generator 
Couple #5 

1620 
1616 
1618 
1616 
1616 
1636 
1694 
1728 
1760 
1792 
1840 
1836 
1810 
1786 
1766 
1752 
1732 
1724 
1720 
1714 
1706 
1706 



Carburetter Superheater Stack 

Couple #6 Ooxcple #3 Couple #4 
po po po 



1528 



X549 



1340 



1350 



1484 



1325 



1555 



1350 



Digitized by 



Google 



Digitized by 



Google 
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Time 
10:57 



:5d 



:69 



11:00 



:01 



:02 



:03 



:04 



:05 



:06 



:07 



Generator 
Couple #5 

1706 
1748 
1794 
1846 
1876 
1912 
1936 
1967 
1991 
2005 
2018 
2005 
2028 
1939 
1836 
1746 
1690 
1650 
1606 
1566 
1528 
1472 



Car'btiretter 
Couple #6 



Superheater 
Couple #3 

JiO 



Staok 

Couple #4 
fo 



1600 



1400 



1678 



1400 



1518 



1340 



Digitized by 



Digitized by 



Google 
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Generator 
Couple #5 

Time 



Carburetter 

Couple #6 
FO 



Superheater 
Couple #3 
F 



Staok 
Couple #4 



11:08 1436 
1402 

:09 1394 
1384 

:10 1366 
1400 

:11 1460 
1574 

:12 1726 
1951 

:13 2035 
2035 

:14 2035 
1792 

:15 1610 
1546 

:16 1508 
1478 

:17 1466 

1450 
Coke Btarted 
:18 1442 

1428 



1690 



1480 



1310 



1580 



1430 



1549 



1400 



Digitized by 



Google 



Digitized by 



Google 



Generator 
Couple #5 

jiO 



Carburetter 
Couple #6 



Time 

11:19 1424 1555 

1418 

: 20 1408 
1408 

:21 1482 
1532 

:22 1574 1640 

Blast started 
:23 1146 
830 

: 24 830 
654 

:25 726 
796 

:26 842 
894 

:27 940 1617 

990 

:28 1060 
1128 

:29 1194 
1260 

:30 1308 1645 

1364 



Superheater 
Couple #3 

1400 



102 

Stack 

Couple #4 
po 



1430 



1430 



1448 



Digitized by 



Google 



Digitized by 



Google 
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Time 
11:31 



:32 



:33 



:34 



:35 



:36 



:37 



:38 



:39 



:40 



:41 



Generator 
Couple #5 
go 

1408 
1466 
1524 
1566 
1600 
1632 
1574 
1516 
1514 
1528 
1532 
1542 
1546 
1552 
1550 
1556 
1566 
1556 
1556 
1592 
1714 
1752 



Carburetter Superheater Staok 

Couple #6 Cduple #3 Couple #4 
5»o po po 



1610 



1448 



1580 



1430 



1605 



1627 



1440 



1440 



Digitized by 



Digitized by 



Google 
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Time 
11:42 



:43 



:44 



:45 



:46 



:47 



:48 



:49 



:50 



:51 



:52 



Generator 

Couple #5 
pO 

1792 
1822 
1844 
1874 
1796 
1700 
1714 
1720 
1714 
1712 
1712 
1710 
1700 
1694 
1694 
1694 
1692 
1692 
1690 
1690 

1690 
1686 



Carburetter 
Couple #6 



Superheater Staok 

Couple #3 Couple #4 
po jtO 



1571 



1430 



1525 



1410 



Digitized by 



Digitized by 



Google 
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Time 
11:53 



:54 



:56 



:56 



:57 



:58 



:59 



12:00 



:01 



:02 



:03 



Generator 
Couple #5 

1686 
1668 
1682 
1816 
1880 
1910 
1930 
1949 
1969 
1983 
1996 
1856 
1800 
1816 
1816 
1812 
1810 
1798 
1792 
1788 
1776 
1772 



Carburetter Superheater Staok 
Couple #6 Couple #3 Couple #4 



po 



1578 



1583 



1430 



1430 



1555 



1430 



Digitized by 



Digitized by 



Google 
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Time 
IS: 04 



:05 



:06 



:07 



:08 



:09 



:10 



:11 



:12 



:13 



:14 



:15 



Generator 
Coupjl^e #5 



1712 
1704 
1704 

1700 
1696 
1696 
1690 
1684 
1684 
1664 
1995 
1965 
1987 
1999 
2023 
2021 
1997 

1432 
1434 

1132 

1072 

1030 
1008 
992 



Carburetter 
Couple #6 

JO 



1484 



1484 



1555 



1572 



Superheater 

Couple #3 
po 



Staok 
Couple #4 
10 



1380 



1380 



1390 



1390 



Digitized by 



Digitized by 



Google 
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Time 
12:16 



:17 



:18 



:19 



:20 



:21 



:E2 



:S3 



:24 



:25 



:26 



:27 



Generator 
Couple #5 
go 

984 
970 
960 
956 
1196 
1374 
1580 
1562 
1716 
1752 
1802 
1814 
1842 
1854 
1638 
1702 
1710 
1712 
1710 
1708 

1706 
1702 
1700 
1694 



Carburetter Superheater Staok 
Couple #6 Couple #3 Couple #4 



po 



po 



1534 



1410 



1500 



1390 



1555 



1410 



1335 



1571 



1410 



1531 



1410 



Digitized by 



Google 



Digitized by 



Google 
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Generator 
Couple #5 
Time po 

12:28 1688 

1688 

:29 1674 
1674 

:30 1674 
1672 

:31 1672 
1672 

:32 1670 
1670 

:33 1668 
1668 

:34 1666 
1666 
Blast started 
:35 1152 
896 

:36 834 
814 

:37 82S 
840 

:38 874 
906 



Carburetter 
Couple #6 



Superheater Staok 
Couple #3 Couple #4 



1464 



1370 



1460 



1350 



Digitized by 



Digitized by 



Google 
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Qenerator Carburetter Superheater Stack 
Couple #5 Couple #6 Couple #3 Couple #4 
Time P° P® 

12:39 946 1463 1325 

984 

:40 1020 
1070 

:41 1126 
1166 

:42 1232 1463 1325 

1282 

:43 1330 
1368 

:44 1416 
1464 

:45 1512 1490 1340 

1552 

:46 1592 
1526 

:47 1460 
1450 

:48 1474 1525 1350 

1488 

:49 1504 
1510 



Digitized by 



Digitized by 



Google 
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Generator Carbitretter Superheater Stack 
Couple #5 Couple #6 Couple #3 Couple #4 
Time po po po po 

12:50 1514 

1524 

:51 1524 1497 1360 

1514 

:52 1520 
1528 

: 53 1532 
1542 

:54 1542 
1546 

:56 1552 1472 1350 

1552 

: 56 1654 
1556 

:57 1566 
1554 

: 58 1554 
1552 

: 59 1550 
1550 

1:00 1548 1439 1326 

1694 



Digitized by 



Digitized by 



Google 
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Time 



1:01 



:02 



:03 



:04 



:05 



:06 



:07 



:08 



:09 



:10 



:11 



Generator 
Couple #5 

1732 
1752 
1776 
1802 
1816 
1826 
1848 
1866 
1880 
1902 
1914 
1822 
1728 
1692 
1728 
1738 
1738 
1738 
1736 
1734 
1732 
1728 



Carbtiretter 
Couple #6 



Superheater 
Couple #3 



Staok 
Couple #4 



1497 



1350 



1572 



1410 



1537 



1390 



Digitized by 



Digitized by 



Google 
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Time 
1:12 



:13 



;14 



:15 



:16 



:17 



:18 



:19 



:20 



:21 



:22 



Generator 
Couple #5 
g 

1724 
1718 
1718 
1718 
1716 
1712 
1710 
1708 
1700 
1698 
1696 
1672 
1844 
1844 
1902 
1924 
1941 
1961 
1975 
1995 
2009 
2021 



Carburetter 
Couple #6 

JtO 



Superheater 
Couple #3 



Stack 
Couple #4 



1475 



1230 



1490 



1360 



Digitized by 



Digitized by 



Google 
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Time 
1:23 

:24 

:25 
:26 
:27 

:28 
:29 
:30 
:31 
:32 
:33 
:34 



(Jenerator 
Couple #5 

1936 
1832 
1796 
1796 
1828 
1824 
1820 
1816 
1808 
1802 
1800 
1790 
1780 
1778 
1774 
1768 
1764 
1756 
1752 
1752 
1744 
1908 

1959 
1985 



Carburetter 
Couple #6 

pO 



1573 



1571 



1537 



1500 



Superheater 
Couple #3 



Stack 

Chuple #4 
po 



1400 



1400 



1390 



1390 



Digitized by 



Google 



Digitized by 



Google 
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Generator Carburetter Superheater Staok 
Couple #5 Couple #6 Couple #3 Couple #4 
Time go 

1:35 2001 1500 1360 

2017 

:36 2029 
2009 

:37 2003 
2010 

:38 2020 
2035 

:39 2026 
2021 

:40 1498 1623 1420 

2010 

:41 1876 
1498 

:42 1376 1610 1410 

1304 

:43 1256 
1212 

:44 1192 
1170 

:45 1142 1583 1410 

1128 

:46 1112 
1102 



Digitized by 



Google 



Digitized by 



Google 
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Time 
1:47 



:4e 



:49 



:50 



:51 



:52 



:53 



:54 



:55 



:56 



:57 



Generator 

Couple #5 
po 

1226 
1382 
1452 
1646 
1716 
1752 
1790 
1830 
1654 
1884 
1906 
1932 
1941 
1804 
1758 
1772 
1776 
1774 
1772 
1770 
1764 
1760 



Carburetter Superheater Staok 

Couple #6 Couple #3 Couple #4 
po jiO po 



1571 



1410 



1575 



1400 



1633 



1400 



1627 



1420 
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Generator Carburetter Superheater Staok 
Couple #5 Couple #6 Couple #3 Couple #4 
Time po pO i»o po 

1:68 1758 1583 1410 

1764 

:69 1762 
1760 

Coke started 
2:00 1746 1568 1400 

1746 

:01 1744 
1740 

:02 1736 
1736 

:03 1736 
1736 

:04 1736 1534 1370 

1728 

:05 1728 



:06 1521 1360 

:07 * 1983 
1502 

:08 1652 1514 1360 

1632 
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Grenerator Carburetter Superheater Stack 
Couple #5 Couple #6 Couple #3 Oouple #4 
Time 





OJmOLO V D vCikL v9lJL 






:10 


896 
666 






:11 


866 


1518 


1360 

xw uv/ 




866 

w w w 


1531 


13fi0 


:12 


880 


1537 


13fi0 




896 

SJ V 


1537 


XOQV/ 


:13 




Xli;0^ 


X^ l\J 






XuO^ 


X^OU 


• 




X02#0 


XO f u 






1 RDR 
xOcO 


X37U 








1370 






xOSD 


13 7U 


2 16 


XMXi^ 


1 

XOtfiSO 


xO f U 




1278 


1531 


Xw f V/ 


:17 


1322 


1534 


1370 

Xw # w 




1374 


1537 


1380 


:18 


1402 


1540 


1380 




1454 


1546 


1380 


:19 


1484 


1549 


1390 




1552 


1549 


1390 
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Time 



Grenerator 
Coupje #5 



Carburetter 
Couple #6 



Superheater 

Couple #3 
po 



Stack 

Couple #4 
yo 



2:20 


1592 


1556 


1390 




1622 


1560 


1400 


:21 


1652 


1568 


1400 




1686 


1571 


1400 


:22 


1654 


1575 


1400 




1592 


1580 


1400 


:23 


1570 


1581 


1410 




1544 


1588 


1410 


:24 


1562 


1688 


1410 




1572 


1588 


1410 


:25 


1592 


1584 


1420 




1598 


1583 


1420 


:26 


1604 


1580 


1420 




1652 


1575 


1410 


:27 


1652 


1573 


1410 




1656 


1571 


1410 


:28 


1660 


1568 


1410 




1666 


1560 


1410 


:29 


1670 


1565 


1410 




1674 


1555 


1410 


:30 


1678 


1562 


1410 




1676 


1549 


1410 
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Generator Carbxiretter Superheater Staok 
Couple #6 Couple #6 Couple #3 Couple #4 



Time 






po 




1686 


"1 p it 
1546 


1410 




1590 


1543 


1410 




1D7U 


lo34 


1410 






lo31 


1 >n A 
1410 


loo 


1690 


1528 


n il 1 A 

1410 




1696 


1525 


1 il T /\ 
1410 


• 34 


1696 


1521 


1400 




1696 


1518 


T if AA 

1400 


lOD 


1696 


1514 


1 il 

1400 






1500 


1400 


:36 




1497 


1390 






1493 


1390 


• 37 




1493 


1390 






T C Ail 

1504 


1390 


• 3o 




1514 


1390 






T COT 

1521 


1390 








1 / A A 






154A 




:40 




1660 


1410 






1572 


1410 


;41 




1580 


1430 






1584 


1430 
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Generator Carbizretter Superheater Staok 
Couple #5 Couple #6 Couple #3 Couple #4 
Time P** P® po 



2:42 


1595 


1440 




1610 


1440 


:43 


1630 


1440 




1640 


1440 


:44 


1646 


1448 




1640 


1440 


:45 


1632 


1440 




1617 


1440 


:46 


1610 


1440 




1605 


1440 


:47 


1515 


1440 




1590 


1430 


:48 


1584 


1430 




1581 


1430 


:49 


1580 


1430 




1580 


1430 


:50 


1578 


1430 




1573 


1430 


:51 


1575 


1430 




1580 


1430 


:52 


1580 


1430 




1580 


1420 
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Google 



Time 



Generator 
Cotiple #5 



Carburetter 
Couple #6 

jiO 



Superheater 
Couple #3 



121 

Stack 
Couple #4 



2:42 


1595 


1440 




1610 


1440 


:43 


1630 


1440 




1640 


1440 


:44 


1646 


1448 




1640 


1440 


:45 


1632 


1440 




1617 


1440 


:46 


1610 


1440 




1605 


1440 


:47 


1515 


1440 




1590 


1430 


:48 


1584 


1430 




1581 


1430 


:49 


1580 


1430 




1580 


1430 


;50 


1578 


1430 




1573 


1430 


:51 


1575 


1430 




1580 


1430 


:52 


1580 


1430 




1580 


1420 
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Google 



Digitized by 



Google 
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(renerator Carbtiretter Superheater Staok 
Couple #5 Couple #6 Couple #3 Couple #4 
Time 7^ 7^ 



2:63 


1580 


1420 




1681 


1420 


:54 


1584 


1430 




1690 


1430 


:65 


1595 


1430 




1690 


1430 


:56 


1586 


1430 




1583 


1430 


:57 


1581 


1430 




1580 


1430 


;58 


1580 


1430 




1676 


1430 


:59 


1576 


1430 




1573 


1430 


3:00 


1572 


1430 




1570 


1430 


:01 


1568 


1430 




looo 


1430 


:02 


1566 


1430 




1572 


1430 


:03 


1675 


1430 




1580 


1430 
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Generator Carbtiretter Superheater Staok 
Couple #5 Couple #6 Couple #3 Couple #4 
Time P" po 



3:04 


1584 


1430 




1595 


1430 


:05 


1610 


1440 




1620 


1440 


:06 


1617 


1430 




1610 


1430 


:07 


1610 


1430 




1605 


1430 


:08 


1595 


1430 




1538 


1430 


:09 


1583 


1430 




1580 


1430 


:10 


1578 


1430 




1573 


1430 


:11 


1572 


1430 




1570 


1430 


:12 


1565 


1430 




1571 


1430 


:13 


1573 


1430 




1580 


1430 


:14 


1584 


1430 




1595 


1430 
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Time 

3:16 

:16 
:17 
:18 



Getnerator 
Couple #5 



:19 



:20 



:21 



:22 



:23 



:24 



Carburetter 
Couple #6 

yO 

1610 
1613 
1610 
1606 
1696 
1688 
1684 
1683 



Coke Bt£Lrted 



Blast 8t£Lrted 



1581 
1680 
1678 
1573 

1670 
1575 
1552 
1549 
1546 
1540 
1537 
1537 



Superheater 

Couple #3 
po 

1430 

1440 

1440 

1440 

1430 

1430 

1430 

1430 

1430 
1430 
1430 
1430 

1430 
1430 
1430 
1430 
1430 
1420 

1420 
1420 



Staok 
Couple #4 
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Digitized by 



Google 
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Time 
3:25 



:26 



:27 



:28 



:29 



:30 



:31 



:32 



:33 



:34 



:35 



Generator 
Couple #5 
P 



Carbtiretter 

Couple #6 
po 

1534 
1537 
1549 
1552 
1546 
1540 
1534 
1631 
1528 
1531 
1534 
1540 
1546 
1549 
1552 
1555 
1555 
1560 
1655 
1656 
1552 
1546 



Superheater 
Couple #3 

jiO 

1410 
1410 
1420 
1410 
1410 
1400 
1400 
1400 
1400 
1400 
1410 
1410 
1410 
1410 
1410 
1410 
1410 
1410 
1410 
1410 
1410 
1410 



Staok 

Couple #4 
po 
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Google 
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Generator Carburetter Superheater Staok 
Couple #5 Couple #6 Couple #3 Couple #4 
Time po po yo jK) 



3:36 


1546 


1420 




1543 


1420 


:37 


1534 


1420 




1528 


1420 


:38 


1526 


1420 




1518 


1410 


:39 


1514 


1410 




1511 


1410 


:40 


1504 


1410 




1497 


1400 


:41 


1500 


1400 




1511 


1400 


:42 


1514 


1400 




1518 


1400 


:43 


1525 


1400 




1531 


1400 


:44 


1540 


1400 




1546 


1410 


:45 


1656 


1410 




1565 


1410 


:46 


1570 


1410 




1573 


1420 
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Generator 
Couple #5 
Time po 



Carburetter 
Couple #6 
Po 



Superheater 

CoUple #3 
po 



Staok 
Couple #4 

jiO 



3:47 


1573 


1420 




1571 


1420 


:48 


1568 


1420 




1555 


1420 


:49 


1555 


1420 




1549 


1420 


:50 


1546 


1420 




1534 


1420 


:51 


1528 


1420 




1525 


1420 


:62 


1521 


1420 




1514 


1410 


:53 


1507 


1410 




1504 


1410 


:54 


1504 


1410 




1514 


1400 


:55 


1518 


1400 




1525 


1400 


:56 


1534 


1400 




1546 


1410 


:57 


1556 


1410 




1565 


1410 



Digitized by 



Google 
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Google 
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fime 



Generator 
Couple #5 

yO 



Carburetter 
Couple #6 



Superheater 

Couple #3 
po 



3:58 


1571 


1410 




1578 


1410 

JLnC JL w 


:59 


1581 


1410 




1586 


1420 


4:00 


1584 


1420 




1581 


1410 


:01 


1580 


1420 




1575 


1420 


:02 


1572 


1420 




1570 


1420 


:03 


1565 


1420 




1555 

JL w ^ w 


1420 


:04 


1552 


1420 




1546 




:05 


1540 


1420 




1534 


1420 


:06 


1528 


1410 

JL^ JL w 




1525 


1410 


:07 


1525 


1410 




1531 


1410 


:08 


1531 


1400 




1534 


1400 



Staok 

Couple #4 
po 



Digitized by 



Google 



Digitized by 



Google 



129 

Generator Carbtiretter Superheater Staok 
Couple #6 Couple #6 Couple #3 Couple #4 
Time po po po po 



4:09 


■1 f* ^ w 

1543 


1400 




1552 


1400 


:10 


1565 


1400 




1575 


1400 


:ll 


1561 


1400 




1584 


1410 


:12 


1590 


1420 




1610 


1420 


: 15 


1610 


1420 




1605 


1430 


: X* 


1605 


1430 




1595 


1430 


•IK 


1590 


1430 




1584 


1430 


:16 


looO 


1430 




1578 


1430 


:17 




±HsO\J 




1571 


1420 


:18 


1568 


1420 




1556 


1420 


:19 


1552 


1420 




1552 


1420 
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Time 
4:20 

1 21 

:22 

:23 

:24 

:25 

:26 

:27 

:28 

:29 



Generator Carburetter 
Couple #5 Couple #6 



Superheater 
Coupje #3 



Staok 
Couple #4 

jiO 



:30 



Coke started 



1565 
1666 
1573 
1578 
1581 
1588 
1595 
1610 
1617 
1627 
1632 
1632 
1620 
1610 
1605 
1595 
1590 
1588 
1584 
1581 

1£80 
1579 



1410 
1410 
1410 
1410 
1410 
1420 
1420 
1420 
1430 
1430 
1430 
1430 
1430 
1430 
1430 
1430 
1430 
1430 
1430 
1430 

1430 
1430 
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Google 
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Time 
4:31 



:32 



:33 



:34 



:35 



Generator 
Couple #6 



Blast started 



:36 



:37 



Carburetter 
Couple #6 
po 

1575 

1573 

1572 

1570 

1568 

1560 

1556 

1555 

1562 

1552 

1549 
1546 
1543 



Superheater 

Couple #3 

go 

1430 
1420 
1420 
1420 
1420 
1420 
1420 
1420 
1410 
1410 

1410 
1410 
1410 



Stack 
Couple #4 



:38 



:39 



;40 



i41 



1531 
1543 
1546 
1546 



1400 
1400 
1400 
1400 



Digitized by 
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Generator 
Couple #5 

Time 



Carburetter 

Couple #6 
5«o 



Superheater 
Couple #3 



Staclr 

Cpuple #4 
po 



4:42 




1540 


1400 






1537 


1400 


:43 




1537 


1400 






1540 


1400 


:44 




1543 


1400 






1546 


1400 


:45 




1555 


1400 






1555 


1400 


:46 




1565 


1400 






1560 


1400 


:47 




1570 


1410 






1573 


1410 


:46 




1571 


1410 






1568 


1410 


:49 




1565 


1410 






1560 


1410 


• 50 




15 00 


1410 






1555 


1410 


:51 




1552 


1410 






1546 


1410 


:52 




1540 


1410 






1534 


1400 
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Generator Carburetter Superheater Stack 
Couple #5 Couple #6 Couple #3 Couple #4 

Time 



4:53 


1528 


1400 




1621 


1400 


:54 


1518 


1400 




1514 


1400 


:55 


1511 


1400 




1514 


1400 


:56 


1521 


1400 




1525 


1400 


:57 


1531 


1400 




1537 


1400 


:58 


1546 


1400 




1555 


1400 


:59 


1565 


1400 




1570 


1410 


6:00 


1573 


1410 




1580 


1410 


:01 


1581 


1410 




1580 


1410 


:02 


1575 


1410 




1573 


1410 


:03 


1570 


1410 




1565 


1410 



Digitized by 
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Generator Carburetter Superheater Staok 
Couple #5 Couple #6 Couple #3 Couple #4 
Time ffO po jio 



5:04 


1655 


1410 




1652 


1410 


:05 


1649 


1410 




1546 


1400 


:06 


1540 


1400 




1534 


1400 


:07 


1531 


1400 




1525 


1400 


:08 


1528 


1400 




1534 


1400 


:09 


1543 


1400 




1549 


1400 


:10 


1560 


1400 




1570 


1400 


:11 


1575 


1410 




1581 


1410 


:12 


1588 


1410 




1600 


1420 


:13 


1613 


1420 




1623 


1420 


:14 


1627 


1420 




1620 


1430 
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Generator 
Couple #5 

Time 



5:15 



:16 



:17 



:18 



:19 



:20 



:21 



Carburetter 
Couple #6 

jtO 

1610 
1600 
1596 
1588 
1584 
1581 
1680 
1578 
1575 
1573 
1572 
1570 
1565 



Superheater 
Couple #3 



Staok 

Couple #4 
po 



1430 
1430 
1430 
1430 
1430 
1430 
1430 
1430 
1420 
1420 
1420 
1420 
1420 



:22 



:23 



:24 



:25 



1568 

1571 

1573 

1570 

1578 

1581 
1581 



1420 

1420 

1420 

1420 

1420 

1410 
1410 
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Google 
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Generator Car"btiretter Superheater Stack 
Couple #5 Couple #6 Couple #3 Couple #4 
Time P^ P^ 



5:26 


1583 


1400 




1583 


1400 


lii ( 


1584 


1400 




1584 


1400 




1586 


^ ii /\ft 
1400 




■1 f- O ft 

1588 


^ it ft ft 
1400 




H r* ft fT 

1583 


n ii ft ft 
1400 




1580 


1400 




1575 


1400 




1572 


1410 


:31 


1568 


1410 




1565 


1410 


:32 


1560 


1410 




1552 


1410 




1549 


1410 




1546 


1400 


:34 


1546 






1546 


1400 


:35 


1546 


1400 




1543 


1400 


:36 


1537 


1400 




1531 


1400 
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Generator Carbriretter Superheated Stack 
Coujjle #5 Couple #6 Couple #3 Couple #4 

Time F po go g° 

5:37 1526 1400 

1521 1400 

:38 1514 1400 

1511 1400 

:39 1504 1400 

1500 1400 

:40 1500 1400 

1500 1400 

:41 1546 1400 

:44 1610 1420 

:45 1605 1420 

J 49 1578 1410 

s53 1562 1410 
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Google 
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Time 



Generator 
Cougle #5 



Carburetter 
Couple #6 



Superlieate* 
ipl( 



Couple 7f3 



:37 


1525 


1400 




1521 


1400 


:38 


1514 


1400 




1511 


1400 


139 


1504 


1400 




1500 


1400 


:40 


1500 


1400 




1500 


1400 


:41 


1546 


1400 


:44 


1610 


1420 


:45 


1605 


1420 


:49 


1578 


1410 


:63 


1562 


1410 



Stack 
Couple #4 
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Google 
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Steam Consumption. February 13th^ 1909. 



Time 


Gage 


Pounds 
per 
Kinute 


Duration 

in 
Llinutes 


Pounds 

of 
Steam 




7:39 


42.47 


25.3 


5.47 


138.3 




:50 


42.40 


25.2 


5.73 


144.9 




8:01 


40.90 


25.0 


5.93 


148.2 




:11 


43.89 


25.5 


4.72 


120.4 


Dovm run 


:20 


42.44 


25.3 


5.77 


145.9 


697. 7# 




Generator char, 


ged with coke 






:36 


41.76 


25.2 


5.58 


140.8 




:46 


41.33 


25.1 


5.50 


138.1 




:56 


41.68 


25.1 


6.33 


159.0 




9:05 


41.72 


25.1 


5.52 


138.6 




:16 


46.87 


26.0 


5.30 


138.0 


Dov/-n run 


:26 


41.59 


25.1 


6.28 


158.0 


872.5,? 




Generator charged v/ith coke 






:48 


42.00 


25.2 


5.80 


146.1 




:58 


42.14 


25.2 


5.35 


135.0 




10:07 


46.40 


25.9 


6.00 


155.4 




:18 


42.18 


25.2 


5.83 


147.0 


Dov'.-n run 


:28 


42.14 


25.2 


5.58 


140.9 


724.41 




Generator cha: 


r^ed v/ith coke 






:44 


41.86 


25.2 


5.85 


147.3 




:53 


41.64 


25.2 


6.12 


154.1 




11:03 


41.84 


25.2 


6.35 


160.0 
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PotmdB 
per 



Duration 
in 



Potinds 
of 



Time 


Gage 


Minute 


Minutes 


Steam 




11:15 


41,50 


25.1 


5.20 


130.7 




:24 


41.72 


26.2 


5.66 


143.0 


DovTn run 


:36 


42.26 


26.3 


6.72 


170.0 


905. 1# 




Generator 


charged with coke 






:53 


41.92 


26.2 


6.00 


151.2 




12:03 


42.34 


25.3 


5.36 


135.1 




:12 


42.16 


25.2 


6.52 


154.2 




• OR 


42.70 


25.3 


6.66 


168.1 


iJOVTn run 


( 


41.43 


26.1 


6.66 


217.6 






Shut do\m until 4:00 o'clock 








Large Holder Full 






A m OA 


41.18 


25.1 


5.76 


144.2 






40.70 


26.0 


6.63 


166.0 




:47 


41.16 


25.1 


6.75 


169.3 




:5d 


44.85 


25.6 


8.37 


214.2 


Down run 


5:11 


40.16 


24.9 


7.63 


182.1 


875.8# 




Shut do vol 


for cleaning. 








41.62 


25.1 


6.58 


165.0 




:ou 


40.82 


26.0 


6.93 


173.2 




:43 


40.76 


26.0 


6.40 


160.0 




:66 


43.64 


26.4 


6.58 


167.0 


Do'm run 


9:09 


42.80 


26.3 


6.00 


151.8 


817^0jf 



Generator charged 7;lth coke 
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Time 


Gage 


Pounds 
per 
Minute 


Duration 

In 
Minutes 


Pounds 

of 
Steam 




9:26 


41.38 


25.1 


6.08 


152.8 




:38 


41.12 


25.1 


6.35 


159.6 




:49 


39.33 


24.8 


5.76 


142.2 




:59 


41.62 


25.1 


6.03 


151.5 


Down run 


10:11 


45.00 


25.7 


5.80 


149.0 


755. 0# 




Generator charged with ooke 






:26 


41.18 


25.1 


6.10 


153.0 




:37 


41.78 


25.2 


5.30 


133.6 




:48 


41.91 


25.2 


5.85 


147.4 




:59 


46.50 


25.9 


7.23 


187.0 


Down run 


11:09 


41.82 


25.2 


5.58 


140.8 


761. 8# 




Generator charged with coke 






:25 


41.24 


25.1 


6.55 


164.3 




:36 


41.14 


25.1 


6.28 


157.8 




;46 


41.45 


25.1 


6.08 


152.8 




:67 


40.86 


25.0 


6.10 


152.5 


Down run 


12:07 


41.81 


25.1 


6.75 


169.9 


797. 3# 


Generator charged v.lth coke 






:25 


41.76 


25.1 


6.72 


169.0 




:37 


41.49 


25.1 


6.65 


167.0 




:48 


41.41 


25.1 


6.50 


163.3 




:69 


42.45 


25.3 


6.68 


169.0 


Dovji run 


1:09 


41.37 


25.1 


5.95 


149.5 
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Time 




Founds 

per 
Minute 


Duration 

In 
Minutes 


Pounds 
of 








charged with ooke 






1:25 


41.16 


25.1 


6.03 


151.8 




:36 


41,52 


25.1 


6.08 


152.9 




:47 


41.83 


25.1 


5.83 . 


146.5 




:57 


44.38 


25.6 


6.40 


164.0 


Down run 


2:08 


41.62 


25.1 


6.93 


174.1 


789. 3# 




Grenerator 


charged vrith ooke 






2:24 


41.66 


25.1 


6.55 


164.6 




:35 


41.10 


25.1 


6.75 


169.8 




:46 


41.28 


25.i; 


6.43 


161.6 




:56 


42.00 


25.2 


6.83 


172,1 


Down run 


3:08 


41.22 


25.1 


6.77 


170.0 


838. 1# 




Generator 


charged with coke 






:23 


41.12 


25.1 


6.58 


165.3 




:34 


41.34 


25.1 


6.48 


162.5 




:44 


41.26 


25.1 


6.83 


171.8 




:56 


43.34 


25.4 


6.32 


160.6 


Down run 


4:08 


41.32 


26.1 


6.52 


164.0 


824. 2# 


Generator charged with ooke 






:22 


41.93 


25.2 


6.90 


174.0 




:35 


41.37 


25.1 


6.97 


175.1 




:45 


41.36 


25.1 


6.40 


161.0 




:56 


38.13 


24.6 


5.93 


143.3 


Down run 



Digitized by 



Digitized by 



Google 



142 



PotmdB Diiration 
per in 

Time Gage Minute Mlnutee 

5:05 41^97 Z5.Z 5.65 



Generator charged with ooke 



:21 


41.82 


25.2 


6.80 


1 33 


41.76 


25.2 


5.88 


:44 


44.94 


25.6 


9.06 


6:01 


41.16 


25.1 


7.33 



Total Steam Consumption 



Pottnds 

of 
Steam 

142.5 795. 9# 

171.5 
148.2 

232.0 Dovm nm 

184.1 735. 8# 

12833. 8# 
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Steam Consuznption. Pe'bruary 16, 1909. 
Pounds Duration 



Time 


Gage 


per In 
Minute Mnutes 


Pounds 
Steam 




8:19 


39.44 


24,78 


8.83 


218.5 




:36 


40.68 


25.0 


7.27 


181.9 




:46 


40.47 


24.9 


6.66 


166.0 




:57 


43.84 


25.4 


5.66 


144.0 


DoYTn run 


9:09 


40.37 


24.9 


5.50 


137.0 


847. 4# 


Gemerator ohaxged vrlth ooke 








9:25 


40.29 


24.9 


7.05 


175.3 




:38 


40.64 


25.0 


6.83 


171.0 




:49 


40.23 


Htm 9 


6,22 


155.0 




10:02 


41.32 


25.1 


5.65 


142.0 


Down run 


:12 


41.39 


25.1 


4.88 


ISS.7 


766. 


Generator 


charged Vvlth. coke 








:26 


40.65 


25.0 


5.65 


139.0 




:37 


40.65 


25.0 


5.48 


137.2 




:46 


40.87 


25.0 


5.50 


137.6 




:68 


42.47 


25.3 


6.57 


166.1 


Dovn run 


11:09 


40.73 


25.0 


7.00 


175.0 


754. 9# 


Generator 


charged v.lth coke 








:29 


40.35 


24.9 


6.52 


162.3 




:40 


40.41 


24.9 


10.33 


257.0 




:54 


40.57 


25.0 


12.95 


324.0 
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Dime 


Gafire 


Founds 
per 

Minute 


Durati on 

in 
Minutes 


Pounds 
Steam 




L2:12 


41.58 


25.1 


6.12 


153.9 


Dovsn run 


:23 


40.15 


24.9 


10.98 


272.0 


1169 • 2$ 


Generator oharged v/lth coke 






:46 


39.95 


24.8 


11.50 


PS 5.0 




1:06 


40.80 


25.0 


10.66 






:22 


40.97 


25.0 


9.92 


248.0 




:39 


38.63 


24.6 


5.50 


135,4 


rov-n run 


:61 


41.04 


25,0 


10.06 


258.0 


1192. 7# 


Generator 


oharged with 


cQice 






2:20 


40.93 


25.0 


12.75 


319.0 




:40 


40.86 


26.0 


7.00 


175.0 




:51 


41.37 


25.1 


7.17 


180.0 




3:03 


44.25 


25.6 


5.77 


148.0 


Dovm ran 


:12 


41.04 


25.1 


6.18 


155.2 


977. 2# 


Generator 


charged with 


coke 






:29 


40.56 


25.0 


7.08 


177.0 




:43 


40.84 


25.0 


7.42 


185.5 




:55 


41.26 


25.1 


7.25 


182.0 




4:09 


43.45 


25.5 


6.08 


156.2 


Down run 


:21 


40.69 


25.0 


6.95 


173.9 


873. 6# 


Generator charged with i 


coke 






:45 


40.85 


25.0 


6.50 


162.6 




:56 


41.35 


25.1 


6.92 


174.0 




5:10 


40.80 


25.0 


7.83 


195.8 
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Pounds I>uration 

per in Pounds 

Time Gage Minute Minutes Steam 

5:30 41*18 25*1 6*63 166*8 Dotoi run 

:42 41*£6 25.1 8.58 215^8 915*0# 

7496*0# Total 

Consumption 
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Oil Consumption 

Friday* February 12, 1909 - 7:30 P.M. 
to 

Saturday, February 13, 1909 - 6:00 P.M. 



Friday, February 12. 1909 - 7:30 P.IJ. 

Generator charged with ctke 
.in Vol. in 

Is. Temp . C" • Time Gals. Temp.C^ 



Time 


Vol. in 
Gals. 


Temp . ( 


7:44 


P.M. 17:55 


73. 


:56 


18.56 


63. 


8:06 


18.23 


53.5 


:16 


17.90 


47. 


:26 


17.23 


49. 




89.47 


57.1 



Generator charged with coke 



:36 


18.23 


42. 


:46 


18.90 


52. 


:56 


19.25 


48. 


9:05 


16.54 


44. 


:16 


19.25 


45. 


:25 


17.23 


49. 




109.40 


46.6 



9:48 P.M. 


15:86 


40. 


10:03 


18.90 


51. 




17.56 


48. 


• u%j 


17.90 


48. 


:33 


17.90 


47. 




88.12 


46.8 


Generator 


Charged with 


:49 


19.59 


42. 


:57 


17.90 


50. 


11:08 


15.86 


46. 


:19 


17.56 


47. 


:30 


17.90 


49. 


:40 


17.56 


51. 




106.37 


47.5 
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Generator 
Time 


charged 
Yol . in 
Gals. 


with ooke 
Temp. CO 


11:58 


P.M. 


17.56 


44. 


12:08 


A.M. 


16.21 


45. 


:17 




17.56 


52. 


:24 




18.56 


46. 


:43 




19.25 


49. 






89.14 


47.2 



Generator charged with coke 
Yol.in 



Time 


Gals. 


Temp. 0° 


9:26 


A. LI. 17.56 




:38 


18.23 


53. 


:50 


18.23 


52. 


10:00 


17.90 


50. 


:11 


18.23 


51. 




90.15 


51.6 



Generator charged with coke 

44. 
52. 
42. 
46. 
48. 
46.4 
with coke 
43. 
51. 
51. 
49. 
48. 
48.4 



Shut down until 4:00 A.M. 
Generator charged with coke 
4; 24 A.M. 18.56 40. 
:35 18.23 45. 

:47 18.23 50. 

:58 18.23 48. 

5:11 17.90 47. 

91.15 46.0 
Shut down to clean generator 
Started at 7:40 A.M. 



:32 18.23 

:42 17.90 

:53 17.90 

11:04 17.56 

:14 17.56 



8:23 A.M. 


18.23 


48. 


:30 


18.23 


53. 


:44 


18.23 


54. 


:56 


16.89 




9:10 


19.25 


53. 




90.83 


52.0 



89.15 
Generator charged 
:30 18.90 
:41 17.90 
:51 17.90 
12:02 P.M. 18.23 
:13 17.90 
90.83 
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Gener&tor 
Time 

12;26 P.TJ, 
:37 
:48 
:59 
1:10 



charged vrith coke 
7ol.in 



Gals. 
19.59 
17.90 
17.56 
18.56 
17.90 



Temp ♦ 
45. 
55. 
51. 
51. 
50. 



Generator charged v/ith ooke 

Vol. in 
Time Gals. 



3;24 P.M. 17.23 



:34 
:45 
:57 
4:08 



19.59 
17.23 
17.56 
18.23 



Temp . C° 
56. 
55. 
50. 
52. 
49. 



91.51 50.4 
Generator charged v/ith ooke 



89.84 52.4 

Generator charged with coke 



1:25 


18.90 


46. 


4:22 


17.56 


48. 


:35 


18.56 


53. 


:35 


18.23 


56. 


:47 


17.56 


49. 


:46 


18.23 


53. 


:58 


18.90 


54. 


:56 


17.90 


51. 


2:08 


18.23 


46. 


5:06 


16.21 


50. 




92.15 


49.6 




88.13 


51.6 



Generator charged with coke Generator charged with coke 



2:25 


16.89 


53. 


5:21 


19.25 


55. 


:36 


20.60 


54. 


:33 


16.54 


52. 


:47 


19.25 


48. 


:44 


18.23 


55. 


:57 


16.89 


49. 


6:01 


17.56 


58. 


3:09 


17.23 


45. 




71.58 


55.0 




90.86 


49.8 









Total Oil Consumption 1458.68 Gal* 

Average temperature of Oil 49*8^0 or 121.6^^P 
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Oil Consumption 
Tuesday, February 16, 1909 
7:37 A.M. to 5:42 P.M. 



Time 



Gals. Oil Temp. 0° 



Generator charged with ooke 
Time Gals. Oil Temp.C^ 



6: £8 A.M. 


18,90 


51. 


11.27 


A.M. 17.90 


40. 


:42 


18.56 


49. 


:39 


25.78 


52. 


:51 


18.23 


51. 


12:03 


P.M. 33.75 


37. 


9:02 


18.90 


53. 


:12 


16.54 


51. 


:14 


19.59 


54. 


:22 


30.80 


41. 




94.18. 


51.6 




124.77 


44.2 



Generator charged with ooke 



Generator charged with coke 



9:26 


17.56 


59. 


12:52 


21.30 


45. 


:37 


18.23 


54. 


1:07 


26.05 


39. 


:49 


17.90 


48. 


:24 


28.10 


39. 


10:00 


20.94 


52. 


:40 


17.56 


49. 


:11 


15.86 


51. 


:53 


29.75 


56. 




90.49 


52.8 




122.76 


45.6 


Generator charged 


with ooke 


Generator charged with i 


:27 


17.23 


59. 


2«2S 


23.68 


63. 


:36 


17.56 


57. 


:42 


19.59 


45. 


:45 


14.85 


52. 


:53 


18.23 


48. 


11:09 


19.25 


47. 


3:03 


18.56 


46. 




68.89 


53.0 


.-•13 


18.56 


48. 
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Generator charged with ooke 
Time Gale, Oil Temp. C° 



3:31 P.M. 
:44 

:58 
4:10 
:23 



21.60 
23.10 
24.00 
17.23 
17.23 
103.16 



40. 
50. 
44. 
42. 
46. 
44.4 



Generator chcorged with ooke 

4x45 16.21 42. 

:54 18.90 53. 

5:11 23.68 46. 

:25 16.21 41. 

:44 18.23 48. 

93.23 46.0 



Total Oil Consuii5)tion 796.1 Gale. 
Average Temperature 48.4° C 

or 119.1° P 
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AIR COirSUMPTIOU 

ffebmary 12, 1909 to February 13, 1909 
7.30 P.M. to 6.00 P. M. 







Primary 






Secondary 




Time 


Duration 


Head In 
mm. Oil 


Volume 


Duration 


Head In 
mm. Oil 


Volume 


7:38 


10.83 


10.0 


17800 


7.80 


6.0 


4490 


:50 


6.96 


12.2 


11400 


5.27 


7.0 


3430 


8:00 


4.00 


12.3 


7700 


3.47 


7.5 


2400 


:11 


4.43 


12.0 


8400 


4.05 


7.5 


2800 


:20 


3,10 


12.3 


5970 


2.63 


7.6 


1840 


Generator 


oharged with ooke 








:36 


5.90 


12.2 


11300 


3.62 


6.0 


2080 


:46 


3.93 


13.2 


7960 


3.73 


8.2 


2760 


:55 


3.45 


13.6 


7130 


4.03 


8.0 


2920 


9:05 


2.75 


13.6 


5650 


2.50 


8.5 


1900 


:16 


5.33 


13.2 


10800 


3.66 


10.0 


3130 


:25 


2.63 


14.7 


5700 


2.17 


9.0 


1715 


Generator 


charged with coke 








:48 


5.45 


13.3 


11100 


2.88 


8.0 


2090 


:58 


3.60 


14.0 


7590 


2.98 


8.0 


2160 


10:08 


4.43 


13.5 


9120 


4.05 


8.5 


3080 


:18 


2.08 


13.5 


4270 


1.93 


8.5 


1460 


:27 


3.30 


15.3 


7400 


2.90 


8.8 


2250 



Generator charged with ooke 
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Primary Seoondary 







Head In 






Head In 




Time 


IDuratlon 


mm. Oil 


YolTime 


Duration 


mm. Oil 


Volume 


10:44 


6.02 


14.1 


12700 


3.10 


9.0 


2450 


:53 


3.03 


14.4 


6520 


2.12 


7.8 


1520 


11:04 


4.26 


14,5 


9240 


4,37 


9.5 


3620 


:15 


5,07 


13.7 


10560 


4.37 


14.2 


4850 


:25 


4.05 


12.9 


8090 


3.62 


8.1 


2640 


:36 


4.03 


14,1 


8540 


3.72 


8.7 


2860 




Generator 


oharged 


with coke 








:53 


3.83 


13.8 


8000 


2.70 


4.3 


1080 


12:03 


3.53 


14.0 


7450 


3.28 


7.8 


2330 


:12 


3.45 


14.1 


7300 


2.83 


7,2 


1880 


:25 


6.53 


13.5 


13420 


5.83 


8.5 


4420 


:37 


4.33 


13.0 


8670 


3.93 


8.4 


2940 




Shut dovm 


until 4 


A.M. 








4:24 


11.68 


12.4 


22600 


6.87 


8.1 


5010 


:35 


5,58 


12.4 


10820 


5.02 


8.0 


3640 


:46 


4.03 


12.4 


7820 


3.75 


8.1 


2740 


:58 


3.96 


12.3 


7630 


3.63 


8.0 


2630 


5:10 


4.92 


12.3 


9500 


4.40 


8.0 


3190 




Totals 


298150 






88305 



Shut down for o leaning 
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Prlmaxy Secondary 

Head In Head In 

Time Ihiratloa mm. Oil Tolxune Dxiratlon mm. Oi l Volume 





Started 


at 7:4^ 


A.M. 








7:40 


16.73 


11.4 


30450 


16.30 


7.3 


11000 


8:04 


17,16 


11.4 


31800 


16.17 


7.3 


10920 


:25 


6.50 


13.0 


13000 


5.75 


8.4 


4310 


:39 


5.63 


13.3 


11490 


5.47 


8.3 


4070 


:51 


5.57 


13.3 


11300 


5.38 


8.3 


4010 


9:07 


3.40 


13.3 


6800 


3.25 


8.3 


2420 




Generator 


charged 


with coke 








:21 


5.73 


14.5 


12390 


3.70 


8.0 


2680 


:34 


5.82 


15.0 


12880 


4,12 


8.0 


2990 


:46 


4.27 


15.2 


9510 


4.05 


8.0 


2940 


:56 


4.03 


15.4 


9080 


3.87 


8.0 


2810 


10:06 


3.96 


15.3 


8860 


3.87 


8.0 


2810 




CL^m Av^o 




WloJl 00K6 








:£1 


6.52 


16.0 


15000 


3.91 


8.0 


2840 


:34 


3.66 


16.4 


8560 


3.02 


8.0 


2190 


:43 


5.07 


15.4 


11420 


4.88 


8.0 


3540 


:55 


4.42 


15.0 


9780 


4.25 


8.0 


3080 


11:06 


3.85 


16.6 


9110 


3.72 


8.0 


2700 



Generator charged with ooke 
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Primary Secondary 





Head In 




Head In 




Tine Duration mm. Oil 


Yoltme Duration 


mm. Oil 


Volume 


11:21 


4,48 


15.7 


10160 3.30 


7.3 


2230 


:32 


4.45 


14.9 


9780 3.72 


8.0 


2700 


:43 


4.02 


13,4 


8220 3.83 


8,0 


2780 


:54 


3.76 


14.0 


7900 3.30 


7,3 


2230 


12:04 


3.43 


14.0 


7220 3.17 


7.0 


2060 




Generator charged with coke 






:18 


7,93 


12.0 


15000 5,05 


10.0 


4320 


:34 


4.43 


13.0 


8660 4.02 


8.0 


2920 


:45 


4.45 


13.7 


9260 4.20 


7.7 


2960 


:56 


3,96 


13,0 


7960 3.80 


8.0 


2760 


1:07 


3.25 


14,0 


6850 3.08 


8,0 


2780 




Generator 


charged 


with coke 






1:20 


5.38 


13.7 


11200 3.55 


8.0 


2570 


:32 


3.98 


13,7 


8270 3,56 


8,0 


2600 


:42 


5.66 


13.5 


11640 5.48 


8.0 


3970 


: o4 


3.43 


13.5 


7050 3.25 


8.0 


2360 


2:04 


4.08 


14.0 


8600 3,87 


8.0 


2810 




Generator 


charged 


with coke 






:18 


6,38 


14,9 


14030 3,55 


8.8 


2750 


:31 


4,25 


15,0 


9350 3,77 


8.5 


2860 


:43 


3.75 


15,2 


8350 3.60 


9.2 


2900 
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Primary Secondary 

Head in Head In 

Time Dxiratlon sun. Oil Yolxane Diiratlon mm. Oil Toliune 





3.32 


14.8 


7260 


P.9fl 


o • o 






5.13 


14.7 


11160 






^990 




Generator oharged with ooke 








:18 


4,96 


14.5 


10720 


2.95 


8.0 


2140 


:30 


4.20 


15.1 


9300 


77 




2980 


•41 


3.98 


14.8 


8720 






pft4n 




4.60 


14.3 


9830 








4*04 


4.60 


14.9 


10120 


4 47 


9 1 


OUU\J 




Generator 


charged 


with coke 










5.58 


15.3 


12500 


Oe OU 








5,10 


14.4 


10980 










3.05 


13.8 


6380 








• 57 


3.42 


15.3 


7700 


amO f 




cooU 


5:02 


2.87 


14.8 


6280 


2.8Z 


9.3 


2300 




Generator 


charged 


with coke 








tl4 


6.67 


15.3 


14700 


4.0Z 


9.7 


3380 


:26 


4.83 


15.3 


10830 


4.60 


9e9 


3910 


:39 


4.80 


14.0 


10120 


3el7 


8e3 


2360 


:59 


3.48 


13.1 


7000 


3.05 


8.8 


2360 



Total for day run 534130 cu.ft. 163210 

cu.ft. 
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AIR COITSmiPTIOII 
Tuesday, February 16th, 1909, 7:30 A.M. 



Prlmaiy Seoopdary 

Head in Head In 



Time 


Duration 


mm. Oil 


Volume 


Duration 


mm. Oil 


Volume 


7:37 


16.77 


13.0 


33500 


11.00 


5.5 


5820 


6:02 


15.87 


13.2 


32100 


10.35 


5.0 


4920 


:28 


12.35 


13.8 


25800 


11.42 


6.0 


6560 


:42 


4.85 


12.7 


9510 


2.17 


5.5 


1150 


:53 


4.33 


11.7 


8050 


4.03 


6.7 


2540 


9:07 


5.18 


12.6 


10170 


3.06 


7.0 


2000 


Generator dharged with ooke 








:17 


8.20 


14.8 


17960 


6.68 


6.0 


3960 


:33 


4.68 


16.0 


11240 


4.70 


7.0 


3060 


:45 


4.33 


14.6 


9360 


4.13 


7.3 


2790 


:56 


4.27 


14.0 


9000 


4.08 


7.3 


2760 


10:08 


3.05 


15.0 


6700 


4.10 


7.5 


2830 




Generator 


charged 


with ooke 








:19 


8.78 


14.1 


18550 


5.77 


5.8 


3240 


:34 


3.12 


13.7 


6490 


2.90 


7.0 


1880 


:43 


3.15 


14.3 


6740 


2.88 


7.0 


1870 


:52 


5.98 


14.5 


12920 


5.00 


7.7 


3520 


11:06 


3.88 


17.0 


9210 


3.68 


7.0 


2390 




Generator 


charged 


with ooke 








:19 


11.00 


15.0 


24300 


9.37 


6.6 


5860 


:36 


3.47 


12.0 


2560 


3.35 


Diflf^9d by 
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Primary Seoondary 



Time 


Duration 


Head In 
mm. Oil 


Yolxme 


Duration 


Head in 
mm. Oil 


Volume 


11:60 


4.05 


14.0 


8540 


3.80 


6.7 


2400 


12:06 


4.73 


13.0 


9460 


4.22 


6.5 


2570 


:18 


3.92 


13.3 


7970 


3.77 


7.0 


2450 


Generator charged with coke 








• 37 


11. 5ft 


1 2 ft 




8.50 


6.0 


4890 


1:00 


5.75 


14.0 


12110 


5.50 


12.7 


4610 


•16 


5 Ofl 




1 0700 


5.12 


8.5 


3890 


• 32 






1 '5?1 OO 


6.50 


7.8 


4620 


*46 


^ ATI P T*fi "f: n T* 


14 

wIlcLX ^ ^ tL 


1 OPOO 


5.02 


7.0 


3260 


2:10 


12.92 


1 4 


Pfift nO 

M WW «J w 


10.50 


7.2 


6980 


•33 


6.57 


14*0 


X wU w w 


6.42 


11.7 


6160 


:47 


3.83 


14.5 


8270 


1.68 


6.5 


1020 


:58 


3.50 


14.0 


7360 


3.28 


6.0 


1880 


3:08 


3.18 

Generator 


14.0 

charged 


6700 
vdth ooke 


3.12 


6.7 


1970 


:21 


8.10 


13.0 


16200 


5.30 


6.0 


3050 


:37 


5.42 


13.0 


10840 


5.13 


6.0 


2950 


:51 


5.28 


13.0 


10560 




6.0 


2930 


4;03 


5.55 


12.8 


11020 


5.10 


6.0 


2930 


:15 


5.55 


12.8 


11020 


4.12 


6.3 


2470 




Generator 


charged 


"..ith coke 
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Primary 



Seoondaiy 



Time 


Buratl on 


Head In 
mm. Oil 


Volume 


Duration 


Head in 
mm. Oil 


4:36 


7.38 


. 14.2 


15700 


5.25 


6.0 


;51 


5.58 


14.0 


11760 


5.17 


6.8 


5:04 


5.66 


13.4 


11600 


5.53 


7.4 


:17 


4.50 


14.3 


9620 


Hot 


open 


:36 


6.35 


13.3 


12920 


5.60 


7.0 


Total for day 


ran 


537,440 ctL.ft. 





3020 
3320 
3790 

3640 

133,880 
ou . f t . 
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Gas Moisture Deterninatlon 



Gas In 
ou.ft, 

0.98 

1.39 

1.51 

0.88 



Confieneatlon 
Cu.om, 



3.0 
4.0 
8.0 

5.0 



.0066 
.0088 
.01*77 
.0110 



# per 100 on. 
ft. of gas 

0.675 

0.632 

1.100 

1.250 



Average 



0.914 



Average Quality of Steam 



Superheat Temperature 
Manometer 

L'eroury Right 
Left 

I7ater Right 
Left 

Quail 1 7 - fo Dry 



Blast 
250.5 

1.155 
0.60 
0.20 
0.55 

97.8 



Run 
251.6 

1.20 
0.55 
0.20 
0.55 

98,4 
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Radiation and Conv ectlorL Detemiinatlon Data , 
Radiation loss. 

Generator Carburetter Superheater 



Excess Temperature 2T5 IS9 161 

f 

Surfaoe erea in sq.ft. 332 404 618 

E 3.30 3.30 3.30 

BTU per sq.ft. per hr. 258 180 169 

BTTJ loss per hr. 85,600 72,800 87,500 

Duration in hours 10 10 10 

Total E&dlation loss 

in EITU 8J6,00C 728,000 875,000 

Convection loss 

K' 2.16 2.12 2.08 

BTU per sq.ft. per hr. 166 118 108 

BTU loss per hr. 55,100 47,700 56,000 

Total Convection loss 

in BTU 551,000 477.000 560,000 
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Relative Amotmts of Heat Fecessary 
to Vaporize Equal Volumes of 
T7ater and Oil. 
Temoeratures In 



Water 



Oil 



Temperature Drop in Temp. Terap erature Drop in Temp . 



954 
963 
1310 
1254 
1492 
1512 
1672 
1682 
1692 



194 
194 
182 
185 
187 
187 
196 
186 
178 



1647 
1640 
1454 
1461 
1722 
1732 



95.4 
93.6 
79.2 
72.0 
112.0 
119.0 



Specific Gravity of oil 0.87 
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A1TAIYS3S 
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GAS A::.1LYSI;S. Teat of Feb. 16, 1909 
Generator Blast 

COg nyd Cg CO C5H^ Total 

10.0 1.1 14.1 74.8 

9.4 1.0 14.4 75.2 

9.4 1.7 13.4 75.5 

8.8 1.8 13.4 76.0 
9.0 1,9 13.9 75.2 
9.0 1.8 13.0 76.2 

8.5 1.8 13.7 76.0 

8.9 1.9 12.9 76.5 

9.12 1.62 13.60 75.66 100.00 

Superheater Blast 

15.0 0.7 6.5 77.8 

13.9 0.4 7.5 78.2 

14.3 0.4 7.5 77.8 

14.9 0.6 7.2 77.3 

14.6 0.5 7.4 77.5 

15.0 0.6 7.2 77.2 

14.61 0.53 7.22 77.64 100.00 
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Generator Run 





HyoL 


02 


CO 


CH^ 


TT 

^2 


^2 


3.9 




1.2 


43.3 




37.3 


14.3 


4.0 




2.5 


41.3 


















37.9 


14.3 


3.1 




1.5 


44.0 




40.6 


10.8 












38.7 


12.7 


2.8 




1.3 


43.9 




42.4 


9.6 


3.1 




0.9 


43.6 




40.0 


12.4 


1. 5 




1.6 


44.3 






lU.l 












36.4 


16.2 


2.3 




1.7 


43.7 




38.0 


14.3 


2.96 




1.53 


43.44 




39.31 


12.76 








Carburetter Ron 






2.2 


11.6 




33.6 


17.2 


31.1 


4.3 


2.6 


11.4 




33.8 


15.9 


30.2 


6.1 


3.0 


11.8 




33.5 


16.4 


29.9 


5.4 


3.4 


11.7 




33.5 


14.5 


33.0 


3.9 


2.80 


11.63 




33.60 


16.00 


31,05 


4.92 



Total 



100.00 
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Superlieater Run 



C02 


Hyd 


O2 


CO 


CH4 




^2 


Total 


2.5 


13.3 


0.2 


32.6 


18.4 


27.9 


5.1 












17.5 


28.1 


5.8 




2.4 


12.8 


0.4 


32.6 


19.9 


24.1 


7.8 












17.4 


27.6 


6.8 




2.0 


13.0 


0.1 


32.7 


20.8 


26.3 


5.1 




2.8 


13.2 


0.0 


32.8 


20.6 


24.6 


6.0 




2.43 


13.07 


0.17 


32.67 


19.10 


26.43 


6.13 


100.00 



Farified Gas 



3.3 


12.2 


0.5 


30.0 


20.1 


29.1 


4.8 


4.0 


11.8 


0.2 


30.4 


20.4 


26.9 


6.3 


3.0 


12.2 


0.3 


30.7 


18.7 


28.2 


6.9 


3.4 


12.2 


0.5 


30.3 


18.9 


30.7 


4.0 


3.4 


12.2 


0.5 


30.7 


17.8 


29.6 


5.8 


3.42 


12.12 


0.40 


30.42 


19.19 


23.90 


5. 55 
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o 
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o 


CO 


CM 


CM 
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CM 




CO 








o 
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1 1 


























CM 


i>. 


pH 


CM 




Cv2 






o 




CM 






to 






o 


• 


• 


• 
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to 






to 


o 


00 








CO 








CO 






























l-l 

I I 


•—1 




to 








CO 


CVj 




vO 




to 






# 


• 


• 


• 












to 


tO 








o 


00 








00 








GO 




































o 




o 


H 


to 


o 










(D 






to 


CM 


• 


• 


• 


• 


M 






• 


• 








m 


Q 






tO 


















00 




o 


V—/ 










Q 










1 I 


o 










to 


• 


















to 






CV2 








to 
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to 


vO 


6 






to 
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o 
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o 


•H 
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_j 
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fl 
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to 


CO 


to 


1 1 


tO 






o 
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UO 




H 


o 










00 










o 




o 




cr* 




OD 


to 




to 






H 


CVJ 




• 






















to 








lO 


to 


00 


H 




o 










CO 




CM 


to 




in 




o 


I> 
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00 
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• 


• 


• 
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H 


O 






•H f^ 










'd 




OJ 


G5-P 







•H 


H-P 


M 




O 


o CJ 


•H 


CQ 











(35 +> q> 
o O aJ -H CQ 
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^EACSlChAL DISTIIIATIOU 
OP OH 
Original Yolume 75 co. 



Temp. !»• 


Volxune 


f 


Color 


821 


0.5 


0.6 


Light 


392 


1.1 


1.5 


light 


460 


12.5 


16.6 


Light green tinge 


590 


51.0 


68.1 


Green tinge 


637 


6.0 


8.0 


Amber f heavy) 




3.9 


5.2 


Black Residue 




75.0 


100.0 
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CALIBEATIOIT DATA 
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Call'bratlon Data for Steam Orlfloe. 

Discharge Throttled* 

Correoted Dif- Discharge In Corrected Dlf- Discharge in 

ferential in potmds of ferential in pounds of 

Inches of Mer- steam per Inches of Mer- steam per 

cury minute cury minute 



67«20 


29*4 


32.81 


23.0 


62*50 


27.9 


31*29 


22*9 


61«98 


28*5 


27*23 


21.8 


60«90 


27*8 


27.14 


21.6 


60 •18 


27*2 


26.50 


21*8 


57» 76 


26«4 


24.60 


21.6 


DO* fU 


2o»o 


23.15 


21.6 


DO* 




ort il ft 
2U.4o 




Ro no 


26*o 




19.4 






1 Q OK 

JLo. 


TO A 
XV. U 


47.66 


26.0 


15.71 


18.0 


46.69 


25.6 


14.95 


17.7 


45.07 


25.0 


14*86 


18.1 


41.04 


25.8 


11.90 


16.1 


40.96 


25.4 


10*21 


14.8 


39.50 


24.4 


8.48 


13.0 


35.14 


23.9 


6.32 


11.9 


34.49 


24^1 


3*15 


7.8 
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Calibration Data for Steam Orifloe. 

Disoharge Throttled. 

Correoted Dif- Disoharge in Corrected Dif- Disoharge In 

ferential In potmds of ferential in pounds of 

Inohes of Mer- steam per Inohes of Mer- steam per 

oiiry minute oury minute 



67 •20 


29*4 


32 •ol 


O T A 




27#9 


<X1 OO 

31 •29 


OO A 

22«9 


61*98 


28 • 5 


on OT 

27«2o 


o*i o 

21* 8 


oU«70 


27»o 


27*14 


OT C 

21* o 


dU*xo 


27*2 


oc 




# • # o 


2d«4 


OA 

24* dU 


21*6 






20*1D 


21* D 


DO • O*^ 


C f 




OA T 






1 Q OA 


1 Q A 






JLO • ^w 


1 Q 

JLl/ • U 


47,66 


26.0 


15.71 


18.0 


46.69 


25.6 


14.95 


17.7 


45.07 


25.0 


14.86 


18.1 


41.04 


25.8 


11.90 


16.1 


40.96 


25.4 


10.21 


14.8 


39.50 


24.4 


8.48 


13.0 


35.14 


23.9 


6.32 


11.9 


34.49 


24.1 


3.15 


7.8 
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Calibration Data for Steam Or If loo. 

Inlet Throttled. 

Correoted Dlf- Dleoharge In 
ferentlal In Inches pounds of steam 
of Mercury per minute 



64.42 


28.0 


63.55 


27.3 


62.80 


26.9 


61.95 


26.5 


61.14 


26*3 


60.02 


26.2 


59.13 


25.9 


52.41 


22.9 


50.15 


22*1 


49.37 


21e8 


38.69 


17.4 


37.87 


17.2 


30.68 


14.4 


29.59 


13.9 


20.56 


10.3 


17.88 


9.4 


12.15 


7.0 


5.52 


3.6 
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Caltiratlon on Thermo Couples 

Defleo- 
tion on 
Millivolt^ 

meter #1271 Defleotlon on Mlllivoltmeter #20 



Standard 

T>'f !>+ "OA 

X rt»KCL» 


f3 

uoupie 


#4 

uoupxe 


uoupie 


■56 
v/Oupxe 


Temp • In 

■nO 

£ 




1 






R O 


o*kL 












A Ol 




6« 7 






in o 




o o 












% o 
o • u 


Q Q 
O • O 


Q n 




D 


( o*± 


^ • ^ 










7QQ 

I w 


4 


1 it 


10 7 


n 

JL J. • yj 


PP 

C6 • ^ 


•/O u 


5.0 


12.0 


12.0 


12.7 


27e3 


1212 


6.0 


13.8 


13.7 


14.6 


33*1 


1402 


7.0 


16.1 


16.0 


16.9 


39.5 


1592 


8.0 


18.8 


18.5 


19.5 


45*3 


1752 


9.0 


20.8 


21.0 


22.0 


51.2 


1932 


10.0 


22.6 




23.6 




2092 


11.0 










2252 
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CjLLIBEATICII CURVE 

for 12" Pt. Pt. 

Tenp. g* 

212 

392 

572 

752 

932 
1112 
1292 
1472 
1652 
1852 
2012 
2192 



Rd, Couple 

Llllllvolts 
.64 
1.39 
2.27 
3.20 
4.17 
5.17 
6.20 
7.27 
8.36 
9.50 
10.68 
11.88 
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Calibration of Thermo Couples with 
Recording Millivoltmeter* 



Deflection 
on Millivolt- 



meter #1271 


Deflection of Recorder Chart 




Standard 
Pt.-Pt. Rd. 


f5 Couple 


•f7 Couple 


7? 7 couple 
v.lth. resis- 
tance. 


Temp. 


1.0 


4.25 


3.1 


1.9 


341 


1.4 








421 


2.0 


7.6 


5.6 


3.7 


560 


2.2 








593 


3.0 


10.4 


8.0 


5.2 


764 


3.2 








799 


4.0 


12.4 




o. / 


986 


5.0 


14.0 


12.9 


8.6 


1212 


6.0 


15.7 


15.8 


10.1 


1402 


7.0 


18.6 


18.8 


12.1 


1592 


8.0 


21.5 


22.1 


14.2 


1752 


9.0 


24.0 


25.6 


16.3 


1932 


10.0 




27.1 


18.9 


2092 


11.0 








2252 
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Calibration of Pery Pyrometer 



Millivolts Defleotion Temp» in po 

Full Open Half Open 

0.07 572 
0.14 752 
0.25 932 
0.41 1112 
0,63 1292 

0,936 0.22 1472 

1.34 0.30 1652 

1.85 0.43 1832 

2.60 0.585 2012 

3.30 0.775 2192 
3.72 2282 



1.01 2372 

1.29 2552 

1.63 2732 

2,01 2912 

2.475 3092 

3.01 3272 

3.60 3452 
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CALI3RA7I0IT OF PI TOT TUBES 

12" Pipe (Primary Blast) 

Presstire # per sq.in. Temperature • C ^Volume 

on, ft. 



Gage 


Initial 


Final 


Initial 


Pinal 


Exhaust 


per min 


8 


94.18 


88.63 


15.4 


15.4 


9.3 


1372 


10 


117.30 


110.90 


20.7 


20.7 


15.5 


1586 


12 


101.00 


93.90 


21.8 


21.7 


17.0 


1765 


12 


114.07 


106.32 


16.3 


16.3 


11.3 


1970 


12 


94.60 


86.30 


21.7 


21.5 


15.6 


2052 


14 


128.75 


120.29 


28.5 


28.3 


22.5 


2085 


14 


137.64 


127.75 


20.7 


16.4 


14.4 


2320 


16 


127.75 


118.96 


16.4 


16.3 


11.4 


2160 


16 


112.64 


103.86 


27.5 


27.5 


20.3 


2185 




8" 


Pipe (Secondary Blast 






6 


103.90 


101.70 


16.7 


16.7 


11.7 


546 


6 


85.90 


83.30 


16.7 


16.7 


12.8 


642 


8 


91.10 


88.40 


16.7 


16.7 


12.9 


670 


8 


115.00 


112.00 


17.0 


17.0 


13.3 

* 


752 


12 


118.70 


115.00 


17.4 


17.4 


13.6 


930 


12 


98.10 


94.00 


16.7 


16.7 


13.8 


1030 


16 


123.70 


118.70 


17,4 


17.4 


14.8 


1250 



Tolume of Holder as computed from measurements 

3608t5 ou.ft. 
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Holder ^2 used during Cali'bratlon. 
Tlutex level on ICeter #1 6-5/8" 
Water level on Heter #2 5^ 
Circumference of holder #2 - - 204 '7" 
Outside Temperature - - - - - 32* P, 



Meter #1 Meter #2 Holder #2 

Reading Temp • P. Reading Temp. •i'. Sheets Rivets 
Inlet Outlet Inlet Outlet 



00689010 


64 


54 


64500180 


59 


67 


6 


27 


00694900 


64 


55 


64502160 


56 


67 


6 





00701150 


64 


54 


64504100 


56 


68 


5 





00707450 


64 


54 


64506180 


57 


68 


4 





00713630 


64 


54 


64508220 


56 


70 


8 






Prom the aT)ove, the meters v/ere found to "be Z.Tfo 

slow. 

All meter readings used in calculations were 
corrected hy this c^moujit. 



Digitized by 



Digitized by 



Google 



177 



CAIIBRATIOH OF EELTEI' HOLDER #1. 
Volume in oublo feet at 60® P. 
RlvetB Sheets 








1 


2 


3 


4 


5 


6 








3500 


7000 


10500 


14000 


17500 


21000 


1 


100 


3600 


7100 


10600 


14100 


17600 


£1100 


2 


200 


3700 


7200 


10700 


14200 


17700 


£1200 


3 


300 


3800 


7300 


10800 


14300 


17800 


21300 


4 


400 


3900 


7400 


10900 


14400 


17900 


21400 


6 


500 


4000 


7500 


11000 


14500 


18000 


21500 


6 


600 


4100 


7600 


11100 


14600 


18100 


21600 


7 


700 


4200 


7700 


11200 


14700 


18200 


21700 


8 


800 


4300 


7800 


11300 


14800 


18300 


21800 


9 


1000 


4500 


8000 


11500 


15000 


18500 


22000 


10 


1100 


4600 


8100 


11600 


15100 


18600 


22100 


11 


1200 


4700 


8200 


11700 


15200 


18700 


22200 


12 


1300 


4800 


8300 


11800 


15300 


18800 


22300 


13 


1400 


4900 


8400 


11900 

JL JL ^ \J\J 








14 


1500 


5000 


8600 


12000 


15500 


19000 


22500 


15 


1600 


5100 


8600 


12100 


15600 


19100 


22600 


16 


1700 


5200 


8700 


12200 


15700 


19200 


22700 


17 


1800 


5300 


8800 


12300 


15800 


19300 


22800 


18 


1900 


5400 


8900 


12400 


15900 


19400 


22900 


19 


2000 


5500 


9000 


12500 


16000 


19500 


23000 
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CAIIBRATIOH OF RELIEF HOIDER #1. 
Voltune in oublo feet at 60° F. 



Rivets Sheets 








1 


2 


3 


4 


5 


6 


20 


2100 


5600 


9100 


12600 


16100 


19600 


23100 


21 


2200 


6700 


9200 


12700 


16200 


19700 


23200 


22 


2300 


5800 


9300 


12800 


16300 


19800 


23300 


23 


2400 


5900 


9400 


12900 


16400 


19900 


23400 


24 


2500 


6000 


9500 


13000 


16500 


20000 


23500 


25 


2700 


6200 


9700 


13200 


16700 


20200 


23700 


26 


2800 


6300 


9800 


13300 


16800 


20300 


23800 








QQnn 

WW 










28 


3000 


6500 


10000 


13500 


17000 


20500 


24000 


29 


3100 


6600 


10100 


13600 


17100 


20600 


24100 


30 


3200 


6700 


10200 


13700 


17200 


20700 


24200 


31 


3300 


6800 


10300 


13800 


17300 


20800 


24300 


32 


3400 


6900 


10400 


13900 


17400 


20900 


14400 


33 


3500 


7000 


10500 


14000 


17500 


21000 


24500 
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CAIIBRATIOH OF RELISi^ HOLDER #2. 
Yolxune in oublo feet at 60*^ 



Rivets Sheets 








1 


2 


3 


4 


5 

w 


A 

w 


7 








8000 


160C0 


24000 


32000 


40000 


48000 


56000 


1 


300 


8300 


16300 


24300 


32300 


40300 


48300 


56300 


2 


500 


8500 


16500 


24500 


32500 


40500 

W W w W 


48500 

^■w ^ w w 


56500 

W W WW \0 


3 


800 


8800 


16800 


24800 


32800 


40800 

W W W 


48800 

w w w 


56800 

W W W WW 


4 


1100 


9100 


17100 

X f xv/v/ 


25100 


J5S100 


41100 

^XXV/w 


49100 

Xww 


^7100 

%J I Xww 


g 
4/ 


1300 


9^00 


1 7*3500 


PR "5500 




4.1 ^00 


4.9*3500 


R 7*3500 


A 

w 


1600 


9A00 

w U w w 


17600 

X 1 Own/ 






41 fiOO 


4.9600 


R7600 


7 


1900 


9900 


1 7Q00 




'35'55QOO 


4.1 QOO 




R7QOO 




SI 00 


101 00 


1 ftl 00 


PA1 00 


'354.1 00 


A91 OO 


P^OI OO 


Rfti OO 


9 


2400 


10400 




P 64.00 




4.P4.00 


ROAOO 




10 


2700 


10700 


18700 


26700 


34700 


4P700 


60700 

WW 1 V/V/ 


Rft700 


11 


2900 


10900 


18900 


26900 


34900 


42900 


50900 


58900 

WW WW 


12 


3200 


11200 


19200 


27200 


35200 


43200 


51200 


59200 






1 1 ^(\C\ 


Xi^OUv 




OODUU 








14 


3700 


11700 


19700 


27700 


35700 


43700 


51700 


59700 


15 


4000 


12000 


20000 


28000 


36000 


44000 


52000 


60000 


16 


4300 


12300 


20300 


28300 


36300 


44300 


52300 


60300 


17 


4500 


12500 


20500 


28500 


36500 


44500 


52500 


60500 


18 


4800 


12800 


20800 


28800 


36800 


44800 


52800 


60800 


19 


5100 


13100 


21100 


29100 


37100 


45100 


63100 


61100 
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CAIIBRATICIT OP RELIEF HOLDER #2. 
Voltme in cubic feet at 60° F. 



RlvetB Sheets 



20 


5300 


13300 


21300 


29300 


37300 


45300 


53300 


61300 


21 


5600 


13600 


21600 


29600 


37600 


45600 


53600 


61600 


22 


5800 


13800 


21800 


29800 


37800 


45800 


53800 


61800 


23 


6100 


14100 


22100 


30100 


38100 


46100 


54100 


62100 


24 


6400 


14400 


22400 


30400 


38400 


46400 


54400 


62400 


25 


6600 


14600 


22600 


30600 


38600 


46600 


54600 


62600 


26 


6900 


14900 


22900 


30900 


38900 


46900 


54900 


62900 


27 


7200 


15200 


23200 


31200 


39200 


47200 


55200 


63200 


28 


7400 


15400 


23400 


31400 


39400 


47400 


55400 


63400 


29 


7700 


16700 


23700 


31700 


39700 


47700 


55700 


63700 


30 


8000 


16000 


24000 


32000 


40000 


48000 


56000 


64000 
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